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Abstract
The LIFE system is designed to inspire primary-aged students in Latin American schools
to pursue higher education in STEM related fields. We hope the students educate others in their
community about the public health implications stemming from the lack of clean water and grow
to bring about more lasting solutions to the water crisis. Many family’s lives are stymied by the
inability to access clean drinking water, with many students ending up spending hours carrying
water or spending time recovering water themselves in lieu of attending school. The LIFE team
created a tabletop water filter and pump system accompanied by an app that will act as an
educational tool for ten Latin American schools, with more on the horizon. This project was
designed with both the needs of the teachers and students in mind but also frugality and ease of
use by a wide variety of peri urban and urban communities as well as other quantifiable design
metrics. The LIFE system is made up of two parts, the Intelligent Filter and the app. The water
filter is designed to remove the top contaminants of our target audience: lead, arsenic, nitrates,
fecal contamination (E. coli, Salmonella, etc.), and pesticides. The app is complete with full
learning modules and interactive components to engage with the students and guides for
teachers. The project was successful at a local school test and approved by our clients at the
PASSAGE project and Frugal Innovation Hub. It will be replicated in the near future to be
distributed to the different communities by our client, PASSAGE.
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1. Introduction
The general goal of LIFE (LATAM Intelligent Filter for Education) is to deliver STEM
resources to marginalized communities and schools in Latin America (LATAM) in an attempt to
increase exposure and interest into STEM related career paths. Through our research, we found
that access to clean drinking water is scarce in these communities and this scarcity drastically
affects students' performance in school. In conjunction with Engineering World Health (EWH),
our intra-university partner team of public health majors, LIFE was conceived in an attempt to
address both of these issues. We wanted to design a filtration device that would fit our size and
weight design parameters, theoretically filter all contaminants, and, most importantly, provide an
interactive educational tool that can bolster student’s engagement in school through learning about
real-world problems and the STEM solutions.
The LIFE system consists of three parts, as seen in Figure 1.1: an Intelligent Filter, an
android app loaded onto a tablet, and lesson modules. The filter is a small-scale, intelligent, and
interactive water-filtration system for hands-on education, designed as a kit to better accommodate
shipping constraints and add interactivity with students. This filter is accompanied by an android
tablet preloaded with an app that can interface with the filter and contains in-depth education
modules focused on the importance of filtered water, dangers of water-borne diseases, and other
STEM material to help stimulate further interest in higher education. The app will have use-cases
for teacher-led and self-guided lessons. The app will also provide manuals for up-scaling,
modification, and alternative frugal replacements for the filtration system. The filter and
accompanying tablet will be shipped to LATAM through our client, the Providing Aid in Science
for South America's General Education (PASSAGE) initiative.
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Figure 1.1: The LIFE System.
The Intelligent Filter is mechatronic in nature, containing actuators and electronic
components to automate the filtration system. These sensors allow the system to ensure both the
quality of the drinking water and optimal efficiency of the filters by manipulation of pressure and
flow rates. The sensors also relay information to the user via the tablet app, indicating the
effectiveness of the filtration system and giving the user a look at the variables that go into the
‘brain’ of the Intelligent Filter. Once the included consumables are depleted, the system presents a
frugal method for replacing the parts, ensuring the longevity of the Intelligent Filter. This has the
added bonus of allowing students to learn and configure the individual filter components.
The Android app contains educational modules created by the EWH team in the form of
PDF slides, totaling over 170 unique slides split into three main lessons and further split into
sections of ten or fewer slides for greater digestibility. As another form of learning, the app also
contains self-guided ‘Learning Adventures,’ which consist of educational content interspersed with
quizzes to engage students in a one-on-one lesson, and feature a trophy-based rewards system to
incentivize completion. As aforementioned, the app interfaces with the filter through a bluetooth
connection to display real-time data from the sensors and allow the users to see a lifetime count of
the total water that has gone through the filter, boosting engagement. Finally, the app also includes
manuals dedicated to the filtration system (including setup, use, maintenance, and scalability),
teacher resources and password-protected admin control, and information about the engineering
that went into the project and engineering in general. Because our primary users are primary
2

school aged students, a virtual mascot was created to guide the students through the app by our.
The mascot is named ‘Tita – la gotita de agua’ (Tita–the water droplet) and can be seen in Figure
1.2 below.

Figure 1.2: Tita the virtual mascot and educational guide.

3

2. Background
This chapter contains a look at the background and circumstances behind the problem our
solution aims to solve, as well as a glance at similar solutions.
2.1 Background Information
In Latin America (LATAM), there is a large discrepancy in the amount of graduates that
pursue and obtain STEM degrees with only 17% of graduates out of 20 Million students obtaining
a STEM degree [1]. In our research, we found this STEM gap starts very early into a child’s
academic career. In LATAM,“ primary and secondary students are 2.5 years behind the OECD
average, with lower performance in reading, mathematics, and science.” [2] A major obstacle
preventing these children from attending school is the lack of access and knowledge about clean
drinking water. Humanium, an international NGO dedicated to stopping violation of children’s
rights, termed this water crisis in Latin America a ‘children’s crisis’ because “water is a critical
resource for children to be able to attend school…many children help their mothers collect water,
spending hours on end carrying water from streams and lakes to their homes, and thus do not
attend school.” [3]. The children of rural Latin America face water accessibility problems that, at
best, hinder their ability to attend school, and at worst, render them ill to the point of death.
Interviews with our contacts have highlighted the problems with both the knowledge of and access
to potable water in these communities.
2.2 Current Education Programs
Current approaches around external help of Latin America’s water crisis have mainly been
addressed through education. A 2019 study by W. Lyon et al. believed that the education of
students, with the goal to use them as central agents to transfer the knowledge, would be key to
“help secure inclusive and resilient development around water resources” [4]. The study also found
that there was a language gap of water education, as a search showed that of “all publications
including “water” and “management” and “education”, about 98% of the publications were
published in English, 1% in Spanish, and the rest in Portuguese or a mixture of the mentioned
languages including French” [4]. This study along with programs like the WaterMas [5] seem to
try to fix the problem though using higher education students. However, they seem to be
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unsuccessful due to their targeting of higher education students which led to unforeseen
governmental and administrative roadblocks and a disconnect with the larger population.
While several of the educational programs and interventions have been advised and
attempted [4], most are unable to reach inhabitants of rural communities that continue to drink
water from polluted sources. These inhabitants, with limited knowledge of the ill effects of
contaminated water, resort to drinking unfiltered water due to the cost in both money and time that
boiling water incurs.
2.3 Existing Filter Products
Researching existing products on the market tells whether the current options are meeting
the needs of the customer and to mitigate known issues prior to product development. LIFE
introduces a unique customer need by requiring both a functional and educational solution to water
filtration. Currently, two products in use in LATAM are the LifeStraw and the Ceramic Pot [6].
While products like these are successfully able to clean water for drinking, they do not provide any
educational benefits. In addition, Ceramic Pots did not provide any specific data on their filtration
system on their website. This led to the decision to use four filters (excluding the Ceramic Pot),
two Aquasana filters for home use in the United States and two LifeStraw filters for use in
underdeveloped countries, to collect comparative data that will be used to assess the effectiveness
of our project. Table 2.1 shows a side-by-side comparison of existing filtration products on the
market.
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Table 2.1: Existing products on the market with relevant details summarized.
Aquasana Clean
Water Machine [7]

Aquasana
OptimH2O [8]

Heavy duty RO filter

LIFESTRAW HOME
LIFESTRAW
(10-cup) [9]
COMMUNITY [10]

Intent/use

Household filter

Household portable
filter

Key features

4 types of filtration
and easy filter
replacement

Combines multiple
Filters over 30
types of filtration tech contaminants and is
for very clean water
light and affordable

Large scale filter for
camping purposes

Manufacturer

Aquasana

Aquasana

LIFESTRAW

Materials used

Plastic, acrylic, filter
membranes

Ceramic, plastic, filter plastic, glass, filter
membranes
membranes

plastic, membrane
filter

Manufacturing
methods

Factory produced

Factory Produced

Factory Produced

LIFESTRAW

Factory Produced

Stationary filter

2.4 Past Filter Patents
There’s an abandoned patent for an enhancement to LIFESTRAW’s original product: the
portable straw filter from which the company is named after. Patent US20100032358A1 [11]
describes a modular water purification system that is beneficial to both manufacturing and the
product. The invention makes the manufacturing more reliable and the product more versatile in
being easily customizable.
This modular design as seen in Figure 2.1 allows different filters to be swapped around to
alloy for a specific combination of the filter to be made on a need basis. This design was inspired
by the customer feedback that explained the difference in water pollution across Latin American
countries. We, too, considered the differences in filtration needs across countries and reached their
same approach of making the filters modular. However, they took it a step further and mentioned
the potential for being able to add vitamins and other beneficial agents to the water instead of only
purifying it.
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Figure 2.1: LIFESTRAW modular system from Patent US20100032358A1 [10].
2.5 Product Reflection
LIFE seeks to not only educate children about the dangers of unfiltered water, it also seeks
to provide a means to obtain safe drinking water (the Intelligent Filter) and educate them with the
filtration process. By nature of our project, the filter will both be an educational tool to visualize
and emphasize the importance and the process of water purification, while also providing children
with clean drinking water. This is compounded by the companion tablet & app, which include the
informational component and use the filter to educate. This is unlike the water education programs
that currently exist in Latin America as LIFE seeks to educate younger students in primary and
secondary school, rather than university students, while providing a filter designed for educational
purposes [4]. On the other hand, while successful filtration devices like the LifeStraw and Ceramic
Pot do exist, it is not easily disassemblable for educational purposes and requires the users to
purchase replacement filters which harms the frugality of the device.
However, more importantly the LIFE system should be designed to ignite a spark in kids to
simultaneously encourage school retention and the pursuit of higher education (specifically STEM
education). It does this by not only showing how engineering can help solve a real world problem
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that they face, but also take part in the process by assembling and testing the Intelligent Filter. The
LIFE system also seeks to disseminate important healthcare information to improve quality of life
and show the impact scientific and medical knowledge can have on an individual with the hope
that it spreads into the home and through the community.
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3. Customer Needs
A look at the people and organizations who were directly and indirectly responsible for the
decisions we made around our project.
3.1 Stakeholders
The stakeholders of this project are PASSAGE, Santa Clara University’s (SCU) Frugal
Innovation Hub (FIH), SCU’s Engineering World Health (EWH) class, and the SCU School of
Engineering (SoE). All of the stakeholders have influence over the design specifications and
decisions made by the engineering team, and our project needs to fulfill many requirements.
For background, our Intelligent Filter is a part of the PASSAGE initiative – a non-profit
project hosted by the Southern Timing Foundation and 501(c)3 organization. They will be flying
the ‘Spirit of Science’ to deliver $50,000 worth of STEM related school supplies, lab equipment,
classroom essentials, and technology to 14 underprivileged schools, 10 of which are in Latin
America. From the PASSAGE side of the operation, we need to develop a product that educates in
STEM while fitting the shipping constraints, more of the specifics are mentioned below within
section 3.1.1. This caused a lot of difficulty during the conception phase of our project, as
educational models, simplistic in nature, usually fail to meet the stringent academic requirements
of the SoE.
The second stakeholder, the FIH, is a center at SCU that acts as a bridge between
underdeveloped communities and other on-campus organizations. As a backer of our project,
consistent with their name, they pushed for frugality and practicality in our solution. In this case,
their involvement ensures the engineering solutions are human-centered and frugal. The FIH’s
concept of frugality and additional constraints are mentioned in section 3.1.2 below. Our third
stakeholder, who is also a collaborator, is EWH. Unlike the other stakeholders, they are not
customers, but their preferred subject choice, Biology and Public Health, also limited the scope of
our project as it required a public health theme that they could create educational content around.
The final stakeholder is the SoE, including both the Departments of Mechanical Engineering and
General Engineering, who facilitate the year-long capstone project. The project’s intent is turning
an idea into a prototype through problem-solving and collaboration. Accordingly, the project must
employ skills learned through degree requirements and courses.
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3.1.1 Lee Giat from PASSAGE
Lee has been our primary point of contact for the PASSAGE initiative and provides us
updates on the planning and logistics of the project. He communicated to us that he envisions a
small device that can be constructed by the children and help provide the push towards STEM
education for Latin American children from K-12. His only constraint was the size and weight of
the payload, 2 crates (10” x 13” x 22”) and a maximum weight of 25 lbs each as seen on Figure
3.1 Lee provided. He also requested that we take lots of pictures and videos of the project for his
upcoming six-part documentary ‘Flight of Passage’ of the PASSAGE flight as well as to promote
the project on social media.

Figure 3.1: Allocated space for our project on the ‘Spirit of Science’ (image provided by Lee Giat
of Flying Ostrich Media)
3.1.2 Allan Báez Morales from Frugal Innovation Hub
Since we are working through the Frugal Innovation Hub, our project is required to meet
their core competencies which are included in Appendix A: Customer Questions and Responses,
Figure A-1. The most relevant core competencies to our project were that it needed to be a simple,
human-centric design that sourced local materials in an affordable and lightweight package. These
needs were conveyed at the first of four workshops hosted throughout the year. Interviews and
tests were scheduled to determine the more abstract goals of being simple and humans-centric,
while the goal of sourcing local material guided the filter design process. The affordability and
lightweight design were also important in selecting a minimalist design while successfully
completing other clients’ requirements.

10

In addition to the Frugal Innovation Hub’s requirements, Allan envisioned our project to be
modular, referring to Legos, for the children to play while they learned. This also seemed counter
to the frugality required and the process of water filtration itself.
3.2 End Target Users
Teachers and students are the end-users of the PASSAGE: Since we wanted to provide a
solution for as many students as potentially possible and we cannot generalize nor assume the level
of education within different urban, peri urban, or rural locations of the schools and across
countries, we decided to make our solution adaptable enough to address primary and secondary
students and teachers. To be more specific, the age range of 8 to 12 year olds. We decided on this
age range because those are the ages that are typically within primary school. We considered it
most beneficial to intercept children’s educational engagement before academic retention
decreases. More than 90% of primary school children graduate and enter secondary school, where
only 59% complete the curriculum [12]. Our client Lee Giat provided us with a table of the latest
14 schools PASSAGE planned to attend. The table can be found in Appendix B: Confirmed
Schools and Hosts.Though more schools have been added to PASSAGE since then, for our project,
we decided to define our project around this initial list. Due to potential translation complications
that could arise from having multiple languages, we decided to narrow it down to only
Spanish-speaking countries, which is the majority at 10 schools. Figure 3.2 shows the spread of
the schools in Latin America (LATAM) PASSAGE plans to go to and we are targeting.
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Figure 3.2: Spanish-speaking primary and secondary schools PASSAGE plans to travel to.
3.3 Customer/Stakeholder Interviews
Interviews with our primary partners were conducted to learn more about the problem our
project aims to fix, and get a better understanding of our partners vision for the project. The
questions and responses for our interviews are included in Appendix A: Customer Questions and
Responses. An important takeaway from our discussion with Lee Giat from PASSAGE was that he
agreed with the planned health and anatomy direction of the learning content created by our
partner EWH team. Furthermore, key points from the Peru interviews and an analysis of customer
responses are summarized in the subsequent sections, which we later use to define customer needs.
3.3.1 Peru Interviews
Mauricio Castillo, Johnmi Huaman Anchraico, and Noelia Majerhua
Based on an interview with two engineering entrepreneurs and a scientist focusing on
STEM education accessibility across peri urban and rural areas of Peru, the following need was
discovered. We were able to get information on the resources available to students and their
current academic ability. Our interviewees requested that we target a younger demographic as they
saw a need to increase exposure to STEM at an early age. Of note was our contact's mention of the
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resources they aim to have in university recruitment, and their plans to incorporate STEM
education into their students' lives.
In sharing their own journeys towards engineering and the sciences, it was clear that they
discovered their majors through the talks they got in private secondary education from
professionals in the field that encouraged them and inspired their curiosity about the industry.
There is nothing at the primary education level to encourage students or expose them to STEM.
That is where our project has the greatest potential: to empower both student target demographics
to solve their own community and country problems through STEM education. A transcript of
these interviews is included in Appendix C: Notes from Peru Interview.
3.4 Analyzing Customer Responses
The raw data from interviews is interpreted into customer needs. The product is split into
two parts: the device refers to the Intelligent Filter that the students will interact with and the app
will be on the tablet providing the accompanying curriculum. Primary customer needs are the most
general classifications that we decided needed developing further with secondary needs. While
many needs, both primary and secondary, are of high importance, we had to weigh certain
tradeoffs and design accordingly. Even then, many of these needs were met with the help of a nine
member team. Table 3.1 shows a summarized version of the primary and secondary needs of the
device following an elimination of redundant needs and grouping of similar needs. The full table is
included in Appendix D: EWH Water Contamination Research, Table D-1. Following the
hierarchical list of primary and secondary customer needs, a numerical importance weighting is
determined for a subset of the needs. The relative importance of customer needs comes from two
criteria: (1) team preferences and (2) interview feedback. As it pertains to team preferences, we
needed to implement something reasonable to our technical knowledge and timeline. There are
many robust filtration systems that would require much time to fully develop and would hence, not
be feasible. Additionally, the feedback was meant to gauge what potential users deem fit for a
device they are receiving. It is imperative that our device addresses needs in an effective and
culturally sensitive way. Since it is not practical to interview or survey the ten schools in Latin
America, team preferences and consensus are required to make an educated assessment of the
relative importance of customer needs. However, during the course of Fall and Winter quarters, the
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Engineering World Health (EWH) team will be directly interviewing the individual schools in
Latin America to further refine the weighting.
Table 3.1: Summarized hierarchical list of customer needs. Relative importance of
customer needs defined in the last column on a 1:5, least-to-most important scale.
Need
Imp
The device lasts a long time
4
The device is easy to use
4
The device is reliable
4
The device is shippable
5
The device is frugal
3
The device is replicable and scalable
4
The device is functional
5
The tablet app also has a list of customer needs generated from interviews, listed in Table
3.2. However, the design and implementation of the app is still underway, thus, these remaining
needs will be untouched for this report.
Table 3.2: Developed customer needs for the tablet app. Relative importance of customer needs
defined in the last column on a 1:5, least-to-most important scale.
Need
Imp
The app is easy to use
3
The app is in both English and Spanish
5
The app user interaction is easy to understand and follow
3
The app is preloaded onto the tablet and works when launched for the first time
2
The app is functional
3
The app teaches a curriculum
5
The app communicates with the device
1
The app is smart
3
The app connects the curriculum usage and control of the device
2
The app remembers where it left off
1
3.5 Customer Needs Reflection
From PASSAGE, the key factors were defining our dimensions and weight constraints, as
well as providing STEM education. Additionally, our interviews with the Peruvian officials
confirmed many of our initial considerations in taking on this project. The definitive features of
our project remained the same as we were designing our device to cater to students who have little
to no experience in STEM.
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Some of our other needs included the necessity for a replicable product, use of local
resources so parts can be replaced by the surrounding community, adapting the correct power
standards for the corresponding country, being precise in the educational component as to not
mislead the students, and for the app to be easily navigated by the users. These ideas came about
from our discussions with the individuals and groups involved with the project.
As our project developed, we kept in touch with Lee to continuously gauge interest in our
project as well as conducted regular meetings with Allan. We also searched for a local testing
location using children within our target age range to provide us with real world feedback. We
planned to use the feedback from the testing to improve our prototype before replication.
The technical solution to the objective was to build a desktop demonstrational water
filtration system coupled with a tablet containing an app to display sensor readings and lessons.
The filtration system is mechatronic in nature by incorporating sensors and actuators (pumps)
within a control system that can regulate according to needs of the filtration system. The device
will monitor filter status and actively change mechanical parameters to sustain optimal
functionality, all in a compact and shippable volume. Furthermore, working with EWH, we
incorporated topics within biology and public health through learning modules that will teach
water quality, health, and anatomy.
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4. Product Specification
We define product specifications to facilitate the design process and ensure we are meeting
customer needs with our final product. Existing products are benchmarked and analyzed to
ultimately obtain a list of target values we expect from our design. This list gives a quantitative
way to determine the success of our project.
4.1 Benchmarking
A list of metrics and units is established for benchmarking product performance. Notably,
the list includes total weight and size which are crucial in meeting PASSAGE’s shipping
constraints, considering we want to send ten systems. Other metrics consider the ease of use, water
filter effectiveness, and electrical components. Together, these metrics are helpful in benchmarking
existing products and in creating our own targets for a final product. Table 4.1 shows existing
competitive products benchmarked based on these established metrics and units. A second way to
benchmark existing products is based on our established customer needs. This is included in
Appendix E: EWH Water Contamination Research, Table E-2.
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Table 4.1: Benchmark existing products based on established metrics.
Metric
Total weight

Units
lb

Size (base, width,
height)

Aquasana Clean

Aquasana

LIFESTRAW

LIFESTRAW

Water Machine

OptimH2O

HOME (10-cup)

COMMUNITY

9

12.3

1.8

17

12 x 4.5 x 12.5

12.6 x 6.3

22 x 22 x 33.5

20.25 x 5.5 x
in

11.625

Time to setup/startup minutes

<10

<10

<3

<3

Volume of water

gallons/day

720

13.32

2

64

Capacity

gallons

1

N/A

0.625

6.6

Pressure

psi

20-70

40-100

N/A

N/A

40-90

40-100

32-140

32-140

100-240

N/A

N/A

N/A

Operating
temperature
Power

°F
Watts,Volts,

supply/battery

mAh

Retail price

US$

149.99

209.99

44.95

395.00

Filter life

months

3

6

2

N/A (self clogs)

Longevity

gallons

320

365

40

18,492-26,417

Smallest pore size

micron

0.02

0.02

0.2

0.02

Simplicity of design

subj

*

**

***

**

STEM education

subj

*

*

***

**
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4.2 Benchmarking and Target Values Reflection
Based on benchmarking, target values for our device are defined in Table 4.2. These are
referenced in the design stage and ultimately used to evaluate the final product.
Table 4.2: Target specifications values.
Metric

Units

Total weight

lb

Target Value
<5

Size (base, width, height)

in

7x6x10

Time to setup/startup

minutes

5

Capacity

gallons

0.1

Pressure

psi

20-80

°F
Volts

10-90

Operating temperature
Power supply/battery
Retail price

USD $

12V
$350

Filter life

months

6

Longevity

gallons

300

Smallest pore size

micron

0.2

Control system response

% error

~10%

In comparing the functionalities of products we could find a healthy middle ground which
we see feasible to fulfill within our school year. The main specifications we set are the size and
weight, as mentioned by Lee Giat. Alternatively, everything else is up for change as we may want
to play with our design options to fit our project parameters and mission statement. Some issues
that may be brought up in light of this freeze would be the need to change the quantity of devices
we need to deliver as Flying Ostrich Media’s flight path may change at a moment’s notice.
In deciding how to build this project, we needed to carefully weigh our customer needs
against what is available and proven to work. This involves research into water contamination on a
country to country basis, as well as benchmarking with market filter concepts and ranking what we
deem best to use. Additionally, we have to weigh the frugality of our system into our device too
and ensure that what we are sending out is indeed replicable and easily understood by the
recipients.

18

4.3 Water Pollutants
The intelligent water filter system will be shipped to ten schools within seven different
Spanish-speaking countries. The EWH team researched the top water pollutants in the target
countries to identify which contaminants we need to focus and design for, these are included in
Figure 4.1. The expanded research by country is included in Appendix E: EWH Water
Contamination Research.

Figure 4.1: Top water pollutants across different target countries.
4.4 Water Quality Standards
The Environmental Protection Agency (EPA) has a list of primary drinking water
regulations that includes microorganisms, disinfection byproducts, disinfectants, inorganic
chemicals, organic chemicals, and radionuclides [13]. A table of these regulations is included in
Appendix F: Contaminants and Health Standards. These regulations are legally enforceable
standards (in the United States) and treatment techniques that apply to public water systems. This
information provides insight into which contaminants we need to research and to what standards
the clean water must be held to.
4.5 Filter Technical System Sketch
Based on existing products and home water filters, we made an initial sketch of the overall
technical system shown in Figure 4.2. This figure shows the main components we need to include
in our design along with the intelligence aspect that distinguishes our project from others on the
market.
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Figure 4.2: Updated technical system to include control system in design.
4.6 Division into Subsystems of Filter and App
Based on the technical system sketch, we got a general idea of what components are
involved in the system. The list of identified subsystems are: contaminated water input and clean
water output, system pump, filter, electronic components and sensors, and intelligence. Each
subsystem listed below is defined with its main function that must be met by concept generation
and selection.
● Contaminated Water Input: hold and/or intake contaminated water to supply to the system
● Clean Water Output: contain and dispense the clean water after being put through the
system.
● System Pump: flow water to and through filters and the rest of the system
● Filter: clean input water to at least a 98% effectiveness; water must be potable
● Electronic components and sensors: power supply, control board, sensors
● Intelligence: ensure the system’s efficiency and effectiveness by adapting system
operations to match the readings.
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The app can also be broken down into subsystems, which combine to form a functional
whole. Breaking the app down into subsystems, and pairing those with their main function/target
accomplishment we get:
● Learning Adventures: Engage students in self-guided learning and save progress.
● Learning Modules (PDFS): Be usable by both teachers and students in educating students.
● Filter Interfacing: Connect to the Intelligent Filter and display data from its sensors.
● Guides & Resources: Explain to users how to use filter systems, app content, and more.
● Trophy System & Room: Incentivize completion of learning adventures, thereby rewarding
learning and creating competition among students.
● Lifetime Water Data: Visually reward students for using the filter.
This thesis will delve into greater detail as it pertains to the filter due to the concentration
of effort and complexity in the device. With so many considerations that had to be taken into
account, we had to be much more careful in our design criteria and processes. The app
development will also be touched upon in a more concise manner due to the linearity of the design
process.
4.7 Concept Selection
For each identified subsystem, we come up with a list of concepts that meets its
requirements. We then rank these ideas and pick one, or a combination, that best fits our needs.
When all subsystems are determined, a more integrated system sketch and flowchart can be made.
4.7.1 Contaminated Water Input and Clean Water Output
The main consideration for the contaminated water input subsystem is to make sure the
method of loading contaminated water is reasonable given the design. Due to the modularity of the
system, cross contamination is not as prevalent of an issue, and hence the main considerations
were size and weight constraints. The two final ideas were to load water via a reservoir or a hose
connected by an external water source. The final decision was in favor of the reservoir, and Table
4.3 shows our evaluation table, an initial drawing of both, and brief reasoning as to how we came
to our conclusion.
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Table 4.3: Contaminated water input concept selection matrix.
Concept

Drawing

Pros

Cons

Reservoir

● Constant Fluid
Volume

● Small volume,
may not meet
water capacity
target.

Hose

● Constant Feeding

● Excessive water
flow

Similarly, the clean water output subsystem boiled down to two simple choices, utilizing a built in
reservoir with a nozzle or simply just a nozzle alone. Although the design philosophy of this
project has been in favor of “less is more”, the decision was made in favor of the reservoir plus
nozzle since we wanted to ensure the accessibility of clean water as much as possible. Table 4.4
depicts drawings and reasonings for our decisions as well.
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Table 4.4: Clean water output concept selection matrix.
Concept

Drawing

Pros

Cons

Reservoir +
Nozzle

● Constant
Fluid Volume

● Contains set volume;
probably small

Nozzle

● Constant
Feeding

● No need for constant
flow in

4.7.2 System Pump
For the system pump subsystem, four concepts were considered. These concepts are listed as:
Gravity, Electric Pump, Hydraulic Pump, Human Operated. All four concepts are screened based
on their pros and cons included in Table 4.5. The two concepts we selected to proceed were gravity
and electric pump. The combination of the two allows us to utilize different methods of filtration.
While the gravity method works well with a sediment filter, some membrane filters require a
pressure difference to push water through the system at a reasonable rate, which is where the pump
comes into play.
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Table 4.5: System Pump concept screening.
Concept

Pros

Cons

Proceed
(Y/N)

Gravity

● Extremely frugal
and consistent
● Requires no power
● Least amount of
design constraints;
allows us to
accommodate
educational
components, etc.

● Not intelligent/Cannot
adapt
● Not easily scalable
● Linear and restrictive
in movement of fluid

Y

Electric Pump

● Small and efficient
● Easily controlled

● Maintenance/reliability
over lifetime

Y

Hydraulic
Pump

● Extremely
powerful/high
mechanical
advantage
● Limits water waste

● Can be overkill
● Not weight or size
efficient
● Requires min amount
of pressure
● Not compatible with
power supply (DC)

N

Human
Operated

● Frugal
● Simple mechanism
● Can produce large
mechanical
advantage

● Not consistent and can
be easily broken
● Not easily scalable

N

In addition to screening based on the pros and cons, we also scored the concepts based on
other criteria important to our design to ensure a proper selection. Table 4.6 shows the concept
scoring matrix for the system pump subsystem, with gravity and electric pump once again being
the highest scoring options. The table ranks each considered system from highest, the best, to
lowest, the worst. The only exception would be durability, which would vary depending on the use
of the device and cannot truly be compared between a diverse array of water cleaning and samples.
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Table 4.6: System Pump concept ranking matrix.
2. Electric
Pump

1. Gravity

3. Hydraulic
Pump

4. Human
Operated

Size and Weight
Efficiency

3

2

0

1

Mechanical Advantage

0

1

3

2

Power requirement

3

1

0

2

Cost

3

1

0

2

Durability *all equally
durable

1

1

1

1

Ease of use

3

1

0

2

Intelligent Design

0

3

2

1

Time

0

3

2

1

Total

13

13

8

12

Based on screening and the selection matrix, we chose a system that utilized both gravity
and an electric pump. However, it is important to note, part of this decision was made based on the
filter subsystem selection since both pump options are compatible and most effective with different
filter options.
4.7.3 Filter
The filter subsystem needs to provide potable drinking water and clean water to at least a
98% effectiveness. Concepts such as UV or purification tablets can sterilize the water, but do not
“filter” the contaminants in the same way as some other concepts. However, these concepts are
still considered as a part of the filter subsystem. The following concepts were identified for the
filter subsystem: UV, Reverse Osmosis, Centrifugal, Activated Carbon, Sediment, Micro Filter,
and Purification Tablets (Chlorine/Iodine). Table 4.7 screens all concepts based on their pros and
cons, sketches are included for the UV and membrane filter.

25

Table 4.7: Filter subsystem concept screening matrix.
Concept

Pros

Cons

UV

● Highly effective for biohazards
● Instant System
● Cost effective (compared to RO
as both get rid of viruses)
● No mechanical systems needed;
let water sit
● Kills organic contaminants

● Does not remove solid
contaminants
● Does not remove
chemicals
● Requires heavy
maintenance within
system
● Can be hazardous to users

Reverse

● 95-99% effectiveness
● Completely removes
contaminants (Cross Filtration;
no risk of recontamination)
○ Can remove viruses and
chemicals (no other
filter does this
completely)
○ Removes dissolved salts,
particles, colloids,
organics, bacteria,
pyrogens.

● Specific pressure
differential
● Expensive ~$150 [14],
(i.e. about half of our total
targeted cost)
● Wasteful (creates highly
contaminated waste water)
● Impractical to reproduce,
need to buy premade
system

Centrifugal

● Removes large debris
● Cost effective

● Requires higher flow rates
● Does not remove smaller
debris (smaller than sand)

Activated
Carbon

● Can be homemade
● Removes chlorine, volatile
organic compounds, pesticides,
oder, some chemicals, some
metals, and color
● Cost effective

● Short lifespan (replace
every few months)
● May need processing

Sediment

● Can be homemade
● Removes large and medium
debris (can filter down to 1
micron, depends on sediment
size)
● Cost effective

● Can add to water
contamination
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Concept

Pros

Cons

Membrane filter

● Removes smaller particles like
lead (12 microns) and arsenic (5
microns)
○ 1 micron bags are cost
effective
○ .1 microns needed for
heavy metals, e coli,
cholera (Fecal Matter)
● Most have long lifespan

● Not reusable
● Hard to produces
● Bags have short lifespan

Purification
Tablets

● Effectively purifies water
○ Deactivates bacteria,
viruses and parasitic
protozoans
● Improves taste and odor

● Does not remove
chemicals
● Needs a second neutralizer
tablet

In accordance with our research and water quality standards, we needed to determine if our
final filter concept selection effectively removed contaminants. Since each filter has its own
characteristics, we knew our final selection had to be a combination of concepts. Consequently, we
listed each concept and found what water contaminants they removed in Table 4.8.
Table 4.8: Water contaminants removed by each filter concept.
Filter Concept

Water Contaminants
Lead

Arsenic

Nitrates

UV
Reverse Osmosis

Fecal Contamination (E.
coli, Salmonella, etc.)

Pesticides

Only organic
X

X

X

X

X

Activated Carbon

Most

Some

X

Some

X

Sediment

Most

Centrifugal

Membrane filter
(0.1 micron )

X

X

X

Purification
Tablets

Only organic
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Filter concepts were placed in a scoring matrix to determine which options we want to
move forward with. These are included in Table 4.9.
Table 4.9: Filter subsystem concept scoring matrix. Ranked 0-6, 0 being the worst and 6 best.
UV

Reverse
Activated
Osmosis Centrifugal Charcoal Sediment

Mico
filter

Purification
Tablets

Ease of use

1

2

0

3

4

5

6

Contaminants
Filtered
(scored by #
of filtered
contaminants)

2

6

1

4

2

5

2

Cost

3

0

2

4

5

1

6

Lifespan per
unit

3

5

6

1

2

4

0

Size and
Weight

2

1

0

5

4

6

3

Accessible to
local
community

0

0

5

6

6

2

4

Educational
Friendly

4

0

6

5

3

5

3

Time for
filtration

4

0

1

2

3

6

5

Total Score

19

14

21

30

29

34
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As a team, we ranked the filtration processes against each other, and considering customer
needs as a higher priority in the scoring scale, we tabulated the final values above and selected the
highest ranking filters to be a part of our final system. The selected filter subsystem has a
sediment, activated charcoal, micro filter, and UV described in more detail in section 4.9 Filtering
Sequence, successfully removing all contaminants desired and still scoring high according to the
scoring matrix. The one discrepancy, the UV filter, only scored a 19 which was the second lowest
of the seven filters. However, we determined that a UV sterilizer would be beneficial to
purification tablets since a UV filter does not need to be disposed of after a single or a few uses,
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unlike many other filters, and we could purchase premade modules on the market, thereby
prolonging the filter life somewhat and allowing for a secure and consistent replacement process.
4.7.4 Electronic Components and Sensors
Based on the needs of our customers and our funding, we chose to utilize an Arduino Uno
over a Raspberry Pi 4. A total of 10 I/O pins were used on the Arduino. There were many open
pins still left but there definitely was not a need for a powerful system such as the Raspberry Pi,
with 26 pins versus the 19 in the Arduino Uno, in our device. The simplicity of an Arduino allows
for better education for the students and is sufficient enough for the type of control system we want
to utilize. All sensors chosen, such as pH, flow, turbidity, and pressure are all compatible with
Arduino Unos as well, allowing us to design the intelligent component of the system.
The power supply will consist of 8 rechargeable AA batteries. Our main concern with the
various power standards across our target customer countries is that catering to each one may take
up too much weight and space that should be used in our project design. As such, standardizing
our design with consistent rechargeable batteries was one of the most frugal and efficient choices
made. Additionally, the tablet of choice is a TECLAST 8” Android Tablet, with bluetooth
compatibility to aid in the app and educational component of our project. Having a larger and more
graphical educational tool was something we felt could not be compromised on. The only other
alternatives would have been to implement LCD monitors into our system, which would not have
been able to teach or discern information from nearly as well as a tablet.
4.7.5 Intelligence
Our control system intelligence features a series of sensors and electronic components that
will ensure the system’s efficiency and effectiveness by adapting system operations to match the
readings. This will happen in one of two ways, computationally and through user side controls. An
example of the user side of the control system is that the device will sense flow rate and pressure
losses as debris and hazardous materials build up in each of the filtration subsystems. When
calibrated properly, the device can process in real time the efficacy of the filter and whether or not
it needs to be replaced, a feature not found in any other filtration system. On the computational
side of the system, sensors will be calibrated to sense the purity of water to the best degree
possible, and will then consider which filtration part will require the most amount of filtration.
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Electronic parts will adjust their outputs, thereby conserving energy consumption and maximizing
the time saved through the LIFE system.
4.8 Filtering Sequence
From concept selection, a more refined filter system layout, consisting of sediment,
activated charcoal, micro filter, and UV, is depicted in Figure 4.3 below, with all subsystems in
chronological order.

Figure 4.3: Filter sequence flowchart
The sediment filter will consist of three potential filter options: gravel, sand, or activated
carbon. These serve as the most replicable parts of our filtration system catered towards the
resources accessible to the communities these systems will be delivered to. While gravel and sand
filters are easily assembled, activated carbon would require extra steps on the part of the user.
These all serve to filter contaminants such as chlorine, pesticides, and organic compounds. Other
chemicals, such as arsenic, fluorides, and sodium are also mostly filtered through these sediment
filters. The goal of the intelligence of the system is in part, to determine when these filters should
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be replaced for optimal system operations. This would be done by sensing turbidity of the water
before and after and comparing the results over time as the filters become less and less effective.
The micro filters are the next step and will be ordered from greatest pore diameter to the
least. Starting from the 1 micron filter, the main contaminants filtered are lead, cysts, arsenic, and
fluoride. The next step is a 0.2 micron filter and removes bacteria, microbes, heavy metals, e-coli,
and cholera. While most harmful contaminants should be filtered at this point in our system, we
plan on implementing a UV filter to kill the rest of the microorganisms present in the water.
4.9 Electronic Diagram
From the filtration system defined above, the general electronics placement can be
determined, incorporating the intelligence aspect of the design. As defined previously, sensors will
measure turbidity, flow rate, pressure, pH, and total dissolved solids. There are three placements
for sensors in the system: (1) pre sensors at contaminated water input, (2) mid sensors before the
membrane filter, and (3) post sensors at the clean water output. Since the system is closed loop,
there needs to be some feedback for a before and after measurement of water quality. It would be
expensive and impractical to have all four sensors placed three times (one at the input, one at the
middle, one at the output) so sensor selection is carefully determined. Turbidity and total dissolved
solids will be measured both before and after at the pre and post sensor locations, respectively. The
remaining sensors will be located at the mid sensor location, providing feedback before the water
reaches the micron and UV filter. Figure 4.4 shows an electrical diagram incorporated with the
filtration system and other components.
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Figure 4.4: Electronic Diagram for Filtration System
To power the Arduino Uno, a battery block will provide 12 V of power to the Arduino and
speed controller, which powers the pump and UV-C diode. The speed controller will actuate the
voltage received by the pump in response to the flowrate reading and the UV-C will be powered
during the pumping sequence. The sensors all run on the 5 V output of the Ardino.
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4.10 Risk Probability and Mitigation
Even within a smaller scaled water filtration system, our device still possesses some risks
to the users. A risk probability matrix identifies a range of acceptable to intolerable risks, shown in
Table 4.10. We had to analyze our selected components and evaluate the probabilities of risks,
shown in Appendix O: Student Project Hazard Assessment Form, to see what was our greatest
priority in terms of designing a solution.
Table 4.10: Risk Probability Matrix
Acceptable
Improbable

Possible

Slightly damaging
filters cleaning it

Tolerable

Unacceptable

Intolerable

Risk of UV
damage

Computer chip
shorting from water

Accidentally
poisoning them
through what we
add to the filter.

Hurting
themselves
building (more
likely on
larger-scale
model)

Problems w/
assembly components should
be fitted so they
can’t hurt
anyone/can only be
placed in one way.

Hair stuck on
motorized
component/Force
of suction

Sensors + water,
risk of shock

Can’t charge
tablet

Water they drink
gets them sick

Water being too
pressurized
Probable

Spillage

Filters produce
waste

Cavitation(bubbles)
can burn out motor

To address the issue of significance, failsafe features, such as magnetic reed switches to cut
the UV-C Diode circuit, or O-Rings to help with leakages, were implemented. Among many of our
design considerations, many hazards have also been inherently addressed, such as CAD modeling
to ensure proper dimensioning of our device.
4.11 Product Sketch
From our concept generation and selection, we made an integrated product sketch of the
final system shown in Figure 4.5. The contaminated water input would be poured directly into the
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gravity fed sediment and activated carbon filter and collect in the pre-filter reservoir. Then, an
electric pump would move the water from the pre-filter reservoir through a membrane filter. After,
a UV sterilizer (which is included within the enclosure to ensure safety to those around it) will kill
the remaining organic contaminants. A small reservoir will be built into the device and a nozzle to
fill up cups of water. The sensors will be used to measure data of the water’s turbidity, flow rate,
pressure, pH, and total dissolved solids of both the input and output. This data will automatically
update the rpm of the pump, allowing for the most efficient use of the filters. In addition, the
sensors will also detect the need for a filter replacement, if any additional filtration is needed, or if
a specific filter is redundant. The sensor and pump will be controlled via the Arduino, which will
be powered by the rechargeable batteries.

Figure 4.5: Integrated system sketch based on selected concepts.
4.12 Incorporating Education
As mentioned previously, a large part of education will be the students assembling the
sediment filter and learning about water cleanliness through the provided curriculum. Additionally,
the design has built in features that allow for a greater education experience. These include clear
reservoirs to see how the water gets cleaned throughout, and by having the filters exposed and not
hidden by an enclosure.
Most of the educational component comes not directly from the filter, but from the app and
how it uses the filter as a physical model. The app includes two methods of learning, both based
around stem, and incorporates its bluetooth connection with the filter into these learning methods,
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by including experiments that use the data from the filter. Other experiments and ideas deal with
the principles behind the workings of the filter, whether that’s physics, chemistry, or even a peek at
the electronics systems behind it. The EWH learning modules cover all this and more in detail, and
tie it into water safety and health. The filter is just a hands-on tool to emphasize what the students
will be learning - but it still needs to work well, which led to our preliminary design.
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5. Preliminary Filter Design
With all the subsystems defined and concepts for each chosen, a preliminary design is
created, incorporating all systems into a single product. The integrated system sketch provided a
general layout from concept generation that will be helpful in design where greater details and
integrations are worked out. For this product and the main objective, a special emphasis must be
placed on STEM education. Consequently, much of the design must be laid out in a way that is
education friendly. This could mean using clear materials as viewing areas, leaving components
out of enclosures so the product is not an input/output “black box,” or by making the flow path
followable. Additionally, assembly is also a great method for learning and can work seamlessly
with the tablet app. Any adjustments must come with the same function and safety expected from
the water filtration device.
5.1 Preliminary CAD Model
With the general conception of the system, a more detailed, yet still preliminary CAD
model is developed. This preliminary model includes the structure, main electronics (solar panel,
arduino), location of filters, and reservoir placements. The filter subsystem has the following
concepts modeled: gravity fed sediment filter, membrane filter, and UV filter. These vary in detail
depending on parts availability and completeness of the design, but their placement accurately
represents the filtering layout desired. Some aspects that were excluded from this model are the
exact filter details as previously mentioned, sensor models, and electronics (e.g. wires, breakout
boards, connectors). Hoses and connections are also included to visualize the flow, but their
inclusion is a rough layout of their final positions. The CAD model is shown in Figure 5.1 with a
top, front, and side view in Figure 5.2.
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Figure 5.1: Front and back isometric views of the preliminary CAD model.

Figure 5.2: Top, front, and side view of the preliminary CAD model.
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5.1.1 Sediment Filter
The sediment filter was built in stackable modules to isolate the different materials and to
allow students to build it themselves. This way, the education curriculum can teach students how
to build a sediment filter with the stackable modules, filling each one with sand, gravel, and
activated charcoal. The top module is a water funnel with a mesh to remove large contaminants
before the water proceeds into the system. After all modules, the bottom is a clear reservoir so
students can see the effectiveness of the sediment filter. A labeled CAD model of the sediment
filter is shown in Figure 5.3.

Figure 5.3: Labeled sediment filter of the preliminary CAD model.
5.1.2 Micron and UV Filter
The Micron and UV filter are the final steps before the clean water output. A custom
membrane filter is designed from PVC pipes and 1 micron fabric. The UV filter is also made from
a UV bulb the water flows around, sterilizing it. These two filters are shown in Figure 5.4. The
final output goes straight down into the clean water reservoir where a valve can fill a cup.
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Figure 5.4: Micron and UV filter preliminary CAD model.
5.2 Design Verification
We tested the solid mechanics of our preliminary CAD model through SolidWorks Finite
Element Analysis (FEA). The two subsystems tested were the sediment filter and the acrylic
reservoir tubes. We deduced the likeliest cause of failure would be from the weight of structure and
physical use. The heaviest part of the system is the sediment filter which includes the modules
themselves, filter mediums, and the water being filtered. As such, the two identified testing
components are (1) 3D printed sediment filter assembly and the (2) acrylic tube reservoir. These
are labeled in Figure 5.5 accordingly. For each subsystem, we use FEA to check if our suspicions
of failure criteria are true and make iterations based on our results.

Figure 5.5: Preliminary CAD model from the end of Fall 2021.
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5.2.1 Calculation of Sediment Filter Load
As mentioned, the majority of loading is generated by the materials on top of the bottom
modular filter. We used the module dimensions along with the density of sand, gravel, activated
carbon, and water, to indicate the axial stresses placed on these solid members. Appendix G:
Design Verification Calculations includes basic calculations to approximate the expected load. The
result was a total load of 8.479 N which is relatively small compared to the operational loading we
expect on the system from student use. Consequently, the loadings used in both FEAs use much
larger estimates.
5.3 3D Printed Sediment Filter FEA
5.3.1 Basic Description
The sediment filter is a key part of the structure subsystem. It is made of stackable modules
filled with gravel, sand, and activated carbon that filter the water before going into the reservoir.
Incidentally, the reservoir, which is directly below the sediment filter, is also considered part of the
structure subsystem, being the acrylic tube analyzed in Section 5.4. A modular filter was picked
for two main reasons: (1) an assemblable filter would save shipping space and (2) having students
assemble a filter is interactive STEM education. Figure 5.6 shows the overview of the sediment
filter with each material in a different module.

Figure 5.6: Functional diagram of the sediment filter and funnel.
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5.3.2 Modeling
The sediment filter modules were modeled to meet our numerous design requirements. A
design goal for the project is that universities in Latin America can easily duplicate the system.
Additionally, since we are producing these filter modules in large quantities, we needed to utilize
rapid manufacturing to meet our goals. 3D printing meets the two needs, hence the sediment filter
modules are modeled to take advantage of and account for the limitations of 3D printing. When
designing the filter module, there is quite a bit of freedom in making complex solid bodies. We can
readily change thicknesses, hole sizes, add meshes, fillets, and threads without considering
manufacturing techniques or assembly.
In an effort to prevent modules from disconnecting and to provide a degree of water
tightness, threads were included to screw each module together. Each module has M80x4.0 threads
modeled in SolidWorks. The 80 mm thread diameter was a subjective consequence of how large
we wanted the device. The 4 mm pitch provided large threads that work well with 3D printing as
smaller threads would come out rough. Additionally, the 4 mm/rev means only a few turns are
required to fully connect each module, which have about 10 mm depth of contact. Figure 5.7
shows a modeled sediment filter module with threads on the top and bottom.

Figure 5.7: Overview of a sediment filter module.
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Originally the wall thickness without threads was 2 mm. However, the addition of threads
meant that the overall part needed to be thicker to accommodate the thread cuts into the part. To
ensure the minimal wall thickness is >2 mm everywhere, the OD is chosen as 84 mm and the ID is
70 mm. Figure 5.8 illustrates the minimal wall thickness of 2.33 mm between the bottom thread
and the inside of the tube. The remainder of the larger wall thicknesses do not need to be
scrutinized as changing the 3D print infill percent can make up for the excessive thickness.

Figure 5.8: Minimal wall thickness of the module.
5.3.4 Assumptions
The FEA will consider three stackable filter modules with the bottom attachment. Figure
5.9 shows the part assembly that will be analyzed. The material properties of a 3D printed material
are difficult to determine due to the many parameters like infill percent, layer height, and infill
pattern. Consequently, for the first iteration of the sediment filter module, we will assume 100%
solid infill. A research paper from Farah et al. (2016), has determined physical and mechanical
properties of PLA [15]. The yield strength of PLA is chosen as 𝜎y = 70 MPa.
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Figure 5.9: SolidWorks loading setup of the sediment filter assembly with rigid connections
between modules and a fixed bottom.
For constraints, the assembly will be fixed at the bottom, hence the bottom surface is made
fixed. Additionally, the threads will not be used as a connection method. The surfaces between the
modules are deemed rigid making the threads inactive. The first load will be an axial load 200 N of
from the weight of the sediment filter, water, and filter mediums, assumed to apply at the top. The
second load of 110 N will be in the x direction on the top surface to simulate some bending in the
structure.
5.3.5 Expected Output
We expect the mode of failure would be from yielding due to axial, bending, and shear
stresses. Buckling is not an expected mode of failure due to the high moment of inertia, but it is a
consideration. Critical points would be nearest the fixed connection and the module directly above
it.
5.3.6 Model Validation
For model validation, a simplified tube with dimensions below is used with the same fixed
support and loads. Figure 5.10 shows this setup.
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Figure 5.10: Tube OD do=84mm, ID di=70mm, Length 138.5mm
Hand calculations are included in Appendix G: Design Verification Calculations. Notably,
the calculated von mises factor of safety is 112.2.
5.3.7 Analysis
When trying to make a simplified model, it was difficult to both accurately recreate the OD
and ID of the model since the modules are not joined by the threads. Instead the surfaces between
the modules are a rigid connection. Consequently, the stresses in the hand calculation are smaller
than what we would expect from the FEA. It turned out the FEA and hand calculations are still
representative and the validation makes sense. One thing we wanted to consider was the mounting
holes for the bottom attachment, but we were unable to successfully set up a FEA. Regardless,
since this was one aspect we could not test, we used our best judgment to make it adequately
strong.
5.3.8 Results
The results of the FEA are shown in Figure 5.11 which plots von Mises stress. The highest
stress in the FEA is 3.13 MPa, and even then, it is an artifact from the rigid connection between
modules. Considering the yield strength of 100% infill PLA of 70 MPa, the stresses involved do
not come close. The minimum factor of safety is 22.6. The results are reasonable as the module is
estimated at 100% infill PLA and this application would be well below its yield. The implications
of these results show that the initial design is far stronger than it has to be.
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Figure 5.11: Stackable filter module assembly FEA results.
5.3.9 Iterations
From the FEA, the current structure is far stronger than it needs to be. One luxury of 3D
printing is the infill percentage can change depending on the strength needed. A study by Derise
and Zulkharnain (2020) looks at the effect of infill pattern and density of PLA in FDM 3D printing
[16]. The analysis was done at a 0.20 mm layer height among other printing parameters. For a
diamond infill pattern with a 25% infill density, the tensile strength is 31.19 ± 0.63 MPa, elastic
modulus 871.17 ± 41.11 MPa, and elongation at break 7.95 ± 0.58 MPa [16]. Our model is iterated
by adjusting from 100% infill to 25% infill, the smallest percent included in the study. With a
tensile strength from 70 to 31.19 Mpa, the sediment filter modules should have sufficient strength
while saving on a tremendous amount of material. An updated FEA provides a new minimum
factor of safety of 7.74 shown in Figure 5.12.
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Figure 5.12: Updated Factor of Safety FEA for module assembly.
3D printing with a diamond infill at 25% is a viable option and we understand this will be
adequate to go forward with. We realize there are some limitations with accurately modeling 3D
printed parts in FEA, but the analysis provides enough validation that our design will work as
intended without failure. Table 5.1 shows the percent reduction of material and print time between
the iterations. Iterating from the 100% infill to the 25% diamond infill had a 31.9 and 19.2 percent
reduction in material and print time, respectively.
Table 5.1: Percent reduction in material and print time from a changed infill percentage and
pattern.
Metric

100% Infill

25% Infill, Diamond

Percent Reduction

Material (grams)

464

316

31.9%

Print Time (hours)

26

21

19.2%

5.4 Acrylic Tube FEA
The acrylic tube is one of two main reservoirs at the bottom supporting the weight of all of
the components above it. Our main consideration will be how well this part fairs under basic
weight loading plus possible additional axial loading due to external forces and pressures acting
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down, and possible bending stresses due to the device being handled improperly, a consideration
that we will need to consider due to the demographic of our project.
5.4.1 Modeling
The model itself is a simple pipe system. The dimensions are drawn from market
dimensions of existing acrylic tubing, shown below in Figure 5.13.

Figure 5.13: Acrylic Tube CAD model
The axial loading in the FEA is just a standard weight distribution along the top of the
model. The test weight is 10 kN to test an extreme case. Bending stresses are also modeled as a
distributed load along the height of the acrylic tube, again, for testing an extreme case of 127 N/m.
Since this member and FEA is basic and has no complex connections, fixtures, or geometries, the
analysis will be applied directly on the model with no proxy proofs.
5.4.2 Assumptions
The materials and material properties are assumed to be acrylic, due to our desire for clear
parts for educational purposes in our design. The yield strength of acrylic is defined as 𝜎y = 45
MPa, with a boundary condition of a fixed support at the very bottom to simulate the connection to
the base plate with acrylic glue. The dimensions are defined in Table 5.2.
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Table 5.2: Dimensions of tested acrylic tube.
Dimension

Size (mm)

Outer diameter

100

Inner diameter

92.01

Thickness

2.03

Height

77.98

5.4.3 Expected Output
We expect this system to be extremely safe due to the thickness of the piping, given a
reasonable load. Even so, with both axial and bending stresses, the most critical points will be at
various points along the base/connection of the structure. Much like the 3D printed sediment
modules, the expected critical point will be in the same location relative to the loads, meaning
much of the processes to check the safety of this feature are the same.
5.4.4 Model Validation
Hand calculations are included in Appendix F: Design Verification Calculations. Notably,
for a load of 10 kN the calculated von mises factor of safety is 1.07.
5.4.5 Analysis
There was not much difficulty in analyzing, testing, and checking the work in this model
due to the simple geometry and loading. Hardship in this analysis can be chalked up to human
error and minor mistakes that propagate throughout the entire FEA process.
5.4.6 Results
The analysis turned out to be pretty much as predicted by hand calculations. The
discrepancies in values may be due to SolidWorks calculating for 3-D stress analysis while hand
calculations were done in 2-D. Figures 5.15 and 5.16 show the Von Mises factor of safety
simulation of the member depicting the range and maximum loading for each of the two cases,
axial and bending. The results seem quite reasonable as given the thickness of the member, it
should be able to hold the weight relatively well.
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Figure 5.14: Axial Loading Max FOS: 2.2

Figure 5.15: Bending Stress Max FOS of 1.7
The factors of safety indicate two possible outcomes: it lets us know that the system is safe
and/or we can cut the cost of materials in manufacturing our final product. Design iterations will
account for a FOS too large or small and change accordingly.
5.4.7 Iterations
Given the results of the analysis as well as the constraints in dimensioning of the tube, one
of the primary considerations with this piece is to thin our tubing down. Figure 5.17 depicts further
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FEA testing on what results that would yield. The walls of the tube are brought down to about 1.27
mm while maintaining the outer diameter to be 100 mm to hopefully optimize volumetric output of
filtered water in our device.

Figure 5.16: 1.27 mm wall thickness with 10 kN load
While ideally, we could simply buy thinner pieces of acrylic tubing, the reality is that it is
hard to manufacture pieces with such a small thickness in such a geometry, shown by the fact that
there are not many, if at all, listings of such a piece. As such, this iteration comes with some
complications, and we will need to address how we can obtain such a part or to simply maintain
our current dimensions knowing our device is well within a safe loading range given its working
conditions.
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6. The LIFE Intelligent Filter
The final design of the device contains many components that serve different purposes.
Based on research of market competitors or general safety factors that were noted by regulations
and guidelines, accommodations were made accordingly to our device. The three main structural
sections of interest are the electronics box, acrylic reservoirs, and the acrylic bases that comprise
the heart of the device. The filter subsystem consists of the three filtration concepts described
earlier: sediment, membrane, and UV-C. All three are required to sufficiently filter the water of
contaminants found within the target countries. Figure 6.1 shows the final CAD model of the LIFE
Intelligent Filter.

Figure 6.1: The final CAD of LIFE
6.1 Electronics Box
The electronics box is by far the most complex part of the filter. It houses the
computational unit, wires, and electronic components of our device. The electronics box CAD
model is shown in Figure 6.2. Since the part is 3D printed, there is lots of design freedom
regarding geometries, mounting, and supports. The design considers the limitations of 3D printing
of overhangs and possible bridging distances. Remarkably, the only area to require 3D printed
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supports is the battery box that has a large overhang, the remainder is completely support free. All
other holes and bridging areas were carefully considered to print as is. For mounting the circuit
boards, it includes tapered holes for M2.5 heat set threaded inserts. There are also holes and slots
for wire routing and management. On the side is an opening to press fit the on/off rocker switch in,
and there are holes for the hinges on the top. On the back wall, there are two holes to mount the
magnetic reed switch that works through the top surface of the box. Finally, the open face has an
indentation for a 1/16” acrylic sheet acting as a window.

Figure 6.2: Electronics box CAD model.
In terms of the electronics mounted within the battery box, we decided upon an Arduino
Uno R3 to act as the main controller of our system. The choice was between an easily
understandable coding language and device while also being compact enough to fit our size
constraints. Other competitors, such as Raspberry Pis or NVIDIA Jetsons, were far too big and
would have been too costly for a frugal solution. Alongside the Arduino, there is a PWM Motor
driver, DC water pump, and bluetooth module tucked within the main unit of the electronics box.
There is also an additional compartment that stores an extension board required by the TDS sensor
and also houses the magnetic reed switch.
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6.2 Reservoirs
The reservoir assembly is divided into two acrylic cylinders, meant to show off the
progression of water filtration throughout our system. The design consideration for two reservoirs
arose from the need for pressure generation through the micron filter. Simply gravity feeding
contaminated water vertically through each component would not have been fast enough or even
have been powerful enough for the filters to efficiently catch contaminants. Hence, we were able to
use plastic piping to link these components together with the DC water pump to create our
technical solution.
Each reservoir was acrylic glued to a complementary plate that served to align the devices
inside of the system. We realized that water leakages at the top of each reservoir poses a risk of
cross contaminating the fully filtered water with the partially filtered water. Additionally, we
simply wanted to keep our device as water tight as possible in general to prevent the shorting of
electronics, given the user clientele. As such, the gluing and the alignment of each reservoir was
one of the most important procedures of the fabrication of the reservoir units.
6.3 Top Acrylic Plate
There are two acrylic plates that make up the structure. The base plate is a simple mounting
area for the reservoirs and electronics box. In contrast, the top acrylic plate, shown in Figure 6.3,
has a much higher importance and function. The sediment filter flow rate sensor, water height
sensor, and UV-C diode are all attached to this plate.

53

Figure 6.3: Picture of LIFE Intelligent Filter.
6.3.1 Hinged Connection
One of the most crucial considerations was the ability to clean the system out as best as
possible. Allowing still water to sit inside of a potentially biologically active volume could have
created much larger issues than we were attempting to alleviate with this device, and as such, the
top acrylic plates can be opened by use of a hinged connection. Given the difference of elevation
between the bottom of each reservoir and the pipe fittings, there will inevitably be residue water,
which can be dumped out easily with the use of the hinge connection. Additionally, the opening
allows the user to use pipe cleaners and scrub out part of the piping system. The hinged connection
is shown in Figure 6.4.
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Figure 6.4: Picture of LIFE Intelligent Filter with hinge open.
6.3.2 Magnetic Reed Switch
The Hinged connection also served as a failsafe for the UV-C Diode in our device. Direct
exposure to the skin and eyes for extended durations of time could be extremely harmful, and
without the proper education and background, we anticipated this to be a potential issue with the
users. Although there are safety features built into the code itself, we decided that we needed an
additional physical circuit breaking mechanism to mitigate this risk. The two ends of the magnetic
reed switch are attached to the top of the acrylic plate and tucked inside of the peripheral
compartment of the electronics box. Once the device is open, the circuit breaks and regardless of
the condition or status of the code, the UV-C diode will be turned off.
6.4 Sediment Filter
The sediment filter was designed to be frugal in the way that the filter material would be
easily obtainable within these communities. In addition, as defined in the 3D Printed Sediment
Filter FEA, it would be the most modular subsystem with four screwable pieces.
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6.4.1 Design
The design of the sediment filter modules were based on the concept of sediment filters
used in at home experiments. These experiments use an inverted disposable bottle with the bottom
cut off and filled with activated charcoal, sand, and gravel. This style of filter was selected for two
key reasons, the first was that it fulfilled the frugality obligation as the filtration material would be
easily sourced in every one of the target locations. The experiment idea was expanded upon to
make the filter more modular and educational, which led to the second key feature: the modularity
of the system which required hands-on manipulation of the device. This would not only enhance
learning about what each material does in water filtration, but also allow children to explore the
scientific method. Each element was divided into its own module, to not only allow for easier
access, but also provide a learning opportunity by allowing the children to test using certain
modules over others or test different material easily. A funnel was also added to the top of the
stack to hold access water in case of an overflow and to make pouring the water easier for the
students. A filter layout with the three filter mediums is shown in Figure 6.5.

Figure 6.5: Filter medium layout of the sediment filter.
The attachment mode selected was a screw on method due to the fact that the connection
type needed to be universally understood. While this solved the problem of how to connect the
modules, this would lead to a problem within implementation by creating many gaps in which
water would seep through. Due to 3D printing constraints M80 x 4.0 threads were selected for their
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thickness to allow for a sturdy thread. The threads were designed to fully connect after about 3
revolutions, which made for easy and quick connections.
6.4.2 Implementation
There were a few concerns with the design of the modules after printing the first prototype.
Firstly it was not watertight, with many leak points, which was the primary issue with the part.
This led to the implementation of 78 mm ID and 3 mm wide o-rings, dimensioned to fit in a grove
outside the threads. However, even though the clamping force of the 3D printed surfaces and the
o-ring fixed the majority of leakage, there was still a slow seepage problem. Additional rubber
gaskets of different sizes and locations were tested, which all helped, but did not solve the seepage
problem. The fix was to shave the lip of the o-ring groove down to expose the o-ring itself. This
allowed for a further tightening of the modules and compression of the o-ring to prevent seepage.
It was determined that the grooves produced in 3D printing needed further compression of the
o-ring than originally calculated to fill in the printed grooves. The final sediment filter module
assembly is shown in Figure 6.6.

Figure 6.6: Pictures of the final sediment filter module assembly.
6.5 Membrane Filter
The membrane filter consists of a 1 and a 0.5 micron layer. This filter removes dissolved
solids such as heavy metals like lead, arsenic, and even some bacteria. Due to the pore size of
these membranes, a pump is required to push the water through the membrane. A flow rate sensor
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is used to adjust the voltage supplied to the pump to ensure maximum efficiency and to determine
when the membrane needs to be replaced.
6.5.1 Design
The membrane filter needed to be easily replaceable, thus PVC was selected for the body
of the filter. Similar to the sediment modules, threads were the prefered attachment type. Two
screw-on end caps and a double threaded body were selected. The end caps would need to be
drilled to attach the barbed nozzle connectors. Unlike the sediment filter, the membrane filter
required a pump to push the water through its two membranes. This is due to the 1 and .2 micron
sized pores. While these pores do a good job of removing debris such as lead, arsenic, and even
some bacteria, this also means that without the pump it would take hours to filter a glass of water
with gravity.
A backwash feature was originally desired to maximize the membrane’s life, however due
to size and complexity constraints, it was removed. The membrane filter, seen in Figure 6.7, is the
most intelligent part of the filter, requiring the pump to function. The pump uses readings from
both the water height sensors and a flow rate sensor to operate. The intelligence will be further
expanded within the System Intelligence and Controls section. With the selection of PVC pipe
threaded parts, the user will need a wrench to be able to open and close the device, but due to the
estimated life of the membranes being about 5-8 months when used properly, it was decided to be
an adequate connection.

Figure 6.7: Micron filter CAD model.
6.5.2 Implementation
The only challenge with this part was making it watertight. The implementation of the
pump to push water through the membranes can create about 40 psi of water pressure. This meant
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that any small gaps would lead to a major leakage problem. To solve this, teflon tape was used at
every screw joint. This also means that the pvc caps would need a new teflon tape wrap when
replacing the membrane filter disks. Figure 6.8 shows the built version of the micron filter.

Figure 6.8: Picture of micron filter with tubes attached to barbed fittings at each end.
The pore size of 0.2 microns was also changed to 0.5 microns. This was due to the fact that
0.2 micron fabrics were difficult to obtain in bulk. It was considered to cannibalize other filters for
the membrane, but further research found that 0.5 microns would be sufficient due to the UV-C
filter.
6.6 UV-C Filter
The UV-C light is the last and a crucial component to the filtration process as it sterilizes
any remaining harmful parasites or bacteria not taken out of the water by the micron filters.
Consequently, it is used as a redundancy in case of bacterial or microbial contamination. This has
been made especially important due to the increase to a 0.5 micron membrane filter as opposed to
the originally planned 0.2 micron. Even though bacterial contaminants were not listed as
contaminants in these countries, it was a risk due to the predicted location of the water sources. As
such, a UV-C diode will sterilize the water during the pumping process within the final reservoir to
ensure the water’s potability.
6.6.1 Design
The UV-C filter is a simple combination of 3D printed parts, a UV-C diode, and a quartz
glass window. The purchased diode, shown in Figure 6.9, operates at 275 nm requiring 100 mA
and has a working temperature between 45 oC to 105 oC. The casing was printed with PETG due to
its higher resistance to UV light in contrast to PLA [17]. With acrylic and 3D printed PETG having
a much higher melting temperature than the range of working temperatures given by the
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specifications of the UV-C diode manufacturer, there was no need to develop a heat dissipation
device. UV-C light was chosen for its germicidal properties. UV-C radiation is known for
disinfecting air, water, and nonporous surfaces, and have “effectively been used for decades to
reduce the spread of bacteria” [18]. However, UV-C light is known to be absorbed by most acrylics
and glass which is why quartz glass was required to act as a transparent barrier, while allowing the
UV-C light to pass through [19].
The 3D printed parts are designed to encase the diode to ensure both the safety of the diode
itself and the users. Wires will be soldered to the diode's positive and negative plates to supply
power and have designated holes to allow access. A quartz glass window will provide a layer of
protection between the diode and the water it is disinfecting.

Figure 6.9: Ultraviolet (UV-C) 275 nm Seoul Viosys LED Module.
6.6.2 Implementation
The UV-C Diode is mounted into 3D printed disks and press fitted against the back plate to
ensure that the diode is always shining down towards the water in the second reservoir. Each diode
needed to be soldered to wires and connected to the Arduino through the PWM Motor Driver
board, which regulates the current draw to the designated 100 mA and voltage at 5.6 V. The
implementation is shown in Figure 6.10.
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Figure 6.10: Picture of UV-C filter attached to the top acrylic plate (quartz glass not in place).
6.7 Final Product
Once the implementation of each subsystem and part was set in place, we could finally
proceed with assembling the prototype. Below, in Figure 6.11, are side by side comparisons of the
CAD with the final prototype.

Figure 6.11: CAD model (left) to filter (right).
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With the final device in hand and having done ample testing, we needed to compare our
final values with our target values to evaluate what needs to be further developed upon. Table 6.1
shows the target metrics defined in product specification. We met all but two of our target values
with our final device: (1) size and (2) smallest pore size. The size requirement was based on fitting
ten units within the two boxes allocated by PASSAGE. These numbers were picked assuming the
device was packaged fully assembled. Although we are an inch larger in every dimension, the
device will be disassembled when packed, so the original target value is mostly irrelevant. The
second requirement, smallest pore size, was addressed earlier. Instead of the originally planned 0.2
micron, we could only find fabric in large quantities of 0.5 micron. However, we solved this issue
by incorporating the UV-C diode that sterilizes the remaining water, hence anything that gets past
the smallest pore. The remainder of metrics were met successfully, and we are extremely happy
with the results.
Table 6.1: Achieved engineering values for the LIFE Intelligent Filter. Unmet metrics in red.
Metric
Total weight

lb

Target Value
<5

Size (height, width, depth)

in

10x7x6

11x8x7

Time to setup/startup

minutes

5

2

Capacity

gallons

0.10

.23

Pressure

psi

20-80

40

°F
Volts

10-90

10-90
12V
~$330

Operating temperature
Power supply/battery

Units

Achieved Values
4

Retail price

USD $

12V
$350

Filter life

months

>6

8

Longevity

gallons

>300

400

Smallest pore size

micron

0.2

0.5

Control system response

% error

<10%

<5%

6.8 Manufacturing and Assembly
The LIFE filter involved a wide variety of manufacturing processes and tools in order to
assemble. This section will describe the method of assembly for the final devices for the major
components of the system.
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6.8.1 3D Printing
We picked 3D printing due to the geometrix flexibility and high degree of complexity we
could have with each part. We used an Original Prusa MINI+ and had no failed prints. Minimal
setting changes were required on the printers to get acceptable parts. Tolerances and fitting issues
that could arise with 3D printed parts were considered in the design stage so generally parts
worked the first time. Utilizing 3D printing saved time figuring out how to manufacture and
actually fabricating the part. However, even though it was a simple process, it does not mean it
was without difficulties.
In test prints of the modules, a few problems emerged. First, the thread size needed to have
a large pitch, as mentioned previously. The decided 4 mm pitch provided a smooth thread when
printed at a 0.15 mm layer height. Second, the edges were extremely sharp. Fillets were added as
the 3D printed edges and threads were hazardous in an educational tool. Finally, the screening
mesh hole sizes at the bottom of each module to prevent filter medium from falling through were
initially too small. Surprisingly, in the sediment filter, air bubbles were trapped underneath the
bottom attachment module. This prevented the water height sensor from triggering, and it slowed
the water filtering through the modules. Simply increasing the hole sizes from 2 mm to 4 mm
solved these two issues.
6.8.2 Laser Cutting
We picked laser cutting to manufacture these plates, as opposed to a CNC machine or
manually drilling the holes, since it essentially “prints” each plate without additional user effort.
Laser cutters generally provide high precision cuts, ensuring that all of our holes and dimensions
were as uniform and aligned in the final iteration of our prototype. Additionally, this method of
manufacturing our parts, as opposed to drilling and sawing the acrylic sheets, would be far safer
and less risky in terms of damaging our finished product. Both plates have numerous hole
placements and sizes to attach the various pieces together. Figure 6.12 shows a drawing of the
hinged plate, demonstrating the sheer complexity of these parts. The entire set of part and
assembly drawings are included in Appendix H: CAD Drawings. Although it would be entirely
possible to fabricate these parts using a CNC machine, the laser cutter provides rapid
manufacturing capability desired for prototyping and the eventual reproduction of our project.
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Both acrylic plates of the LIFE filter were laser cut directly from the CAD flat files, and we used
an Epilog Laser Cutter at the SCU MakerLab to make our parts.

Figure 6.12: Drawing of the hinged plate.
6.8.3 Reservoirs
Each reservoir was band sawed to dimension as well as CNC drilled to allow for water to
flow out of each reservoir. Both reservoirs were threaded with NPT ⅛ to allow for pipe fittings to
be screwed into the reservoirs to allow for easier tubing between the reservoirs and the rest of the
filter.
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7. Electrical and Software Architecture
This section will describe how the parts, actuators, and coding comes together in our final
device. All of the subsystem parts that were defined are further developed upon and their
performances quantified with the system responses. Considerations, such as risks and additional
features, mentioned previously are all included as well with a detailed breakdown of how they
serve to fulfill their desired purposes.
7.1 Device Components
Using our research and CAD modeling, we were able to fabricate our device fully, with
many additional features, such as a magnetic reed switch, implemented into the device. Figure 7.1
details what was added and put into the device and where they fit into our final prototype.

Figure 7.1: Labeled electronics box with the manufactured assembly and CAD reference.
Each part has been tabulated and quantified in Table 7.1, with the circuit, in Figure 7.2,
fully drawn out for easy accounting of all parts in our system and where they go. They are
separated by function into four categories: control, power, sensor, and tablet. Specifically, the
circuit diagram is imperative in the replication process to ensure uniformity and easy
troubleshooting should any electronic parts become faulty.
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Table 7.1: Electronic components serving the system intelligence.
Category

Component

Quantity

Control

Arduino Uno R3

1

Control

Magnetic Reed Switch

1

Control

Water Pump

1

Control

UV-C LED

1

Control

Motor Driver Board

1

Power

Rechargeable AA Battery

9

Power

8x AA Battery Case

1

Sensor

TDS Sensor

1

Sensor

Flow rate Sensor

1

Sensor

Water Height Sensor

2

Tablet

Bluetooth module

1

Figure 7.2: System circuit diagram.
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7.2 System Intelligence and Controls
In developing this device, we promised to deliver a device that is fully automated and also
builds on top of that with more complexity, in this case, a PID controlled water pump. This section
aims to break down the coding logic of how automation was accomplished as well as an analysis
on the quality and results of the PID controller given all the part specifications and the system
response.
7.2.1 System Automation
One of the main features of LIFE is its intelligent capability to be fully automated. This
project accomplishes automation through the use of the two Water Height Sensors, meant to detect
when each of the two reservoirs are filled and making decisions based off of these logic gates.
During the filling procedure (the default condition), the device will not be in operation and will
continuously update the sensor readings to the App at a frequency of 1 Hz.
Once the first reservoir is fully filled, the device program will be notified to begin pumping
water through the system for 50 seconds. This ensures that, even with the water tight failsafe
design, the system will not endure the risk of water overflow and leaks at the fixtures of the
sediment filter and acrylic plate directly above. In this time, the PID controlled Pump will begin its
operation, outputting sensor readouts continuously at 1 Hz as well. As the system continues to fill
up in this loop, the UV-C Diode is also activated to provide filtration while water is passing by the
light, and while the reservoir is being agitated by the influx of water. Once the device receives the
‘full’ signal from the second water height sensor, the device will cut the water pump sequence
altogether. It is at this point that the system begins its final UV Filtration time period of 240
seconds to clean out any remaining bacteria or parasites left in the system. As long as the water is
dispensed from the second reservoir, the system program can continue to loop and automate these
features. Figure 7.3 depicts the aforementioned logic flow of the system and how it is automated.
As long as water is flowing in, the device is fully automated. The full code breakdown can be
found in Appendix Q: LIFE Master Code.
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Figure 7.3: Coding sensor logic flowchart for automation
7.2.2 Water Pump and PID Control System
Given the design of LIFE, the device needed a source of pressure to push reservoir water
up an elevation of about 4 inches as well as generate enough pressure to pass through a 1 micron
and 0.5 micron membrane. Additionally, with the UV-C Diode implemented, the flow rate could
not be too high to ensure proper cleansing as the water is passed and agitated in the second
reservoir in the final stage of the filtration process. As such, a PID controller was settled upon to
control the output of the water pump to fit the designated working conditions listed above.
Without the proper specifications provided by the manufacturers, a dynamic model of the
water pump could not be obtained. Additionally, given the variable working conditions of the
system, such as the quality of the water and the pressure losses by the conditions of the membrane
filter, we instead settled to tune the PID controller with respect to the sensor reading. Tuning the
PID constants experimentally in chronological order, we achieved a final steady state error of
about 0.09 L/min, which falls within reason of the flowmeter sensor accuracy, given above in the
electronics specifications. Our final constants were: Kp: 1.5, Ki: 0.1, Kd: 1.9. The final system step
response is shown in Figure 7.4.
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Figure 7.4: Flow meter readout on Android App.
While the graph readout is generally what we expect, there are some variances in the
system that can change the response of the pump. Depending on whether or not the system is
primed with water already, the system may have a larger or smaller overshoot. This is because
when the system is not filled with water, the time it takes for water to reach the flowmeter may
cause the PID controller to overcompensate and have to correct for the overshoot. If the water is
already within the system, creating a complete fluid continuum, the flow rate sensor can
immediately feedback into the PID controller and manage the overshoot much better. Altogether,
the difference in response is quite negligible as the final error comes out to be the same.
It was also important to consider the flowmeter sensor uncertainty in developing the PID
controller and interpreting the readings. We performed uncertainty analysis on our flowmeter
sensor prior to design implementation in anticipation of the sensor performance as it pertained to
our controller. With the specifications given by the device manufacturers, we could determine the
design stage uncertainty of the flowmeter sensor with the Root Mean Squared method with the
resolution and the output of the system. Shown in equation 7.1, we used our setpoint as an output
value and the given error of 3% to find design stage uncertainty, which is quite in line with the
jumps seen in the graph output
𝑢𝑑 =

2

(0. 03 × 2. 00) = 0. 06 𝐿/𝑚𝑖𝑛

(eq. 7.1)

Altogether, we had to analyze the efficacy of the PID controller in getting to our system setpoint.
Taking into account the error given within the flow meter specifications, 3% of full scale output
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(FSO = 17 L/min) and the average output of the PID controlled pump, we find that our final
system output falls well within reason and will suffice for our system, shown below in Table 7.2.
Table 7.2: Final error is about 1.5% of Full Scale Output.
Setpoint

Final Error (avg)

2 L/min

2.09 L/min - 2.00 L/min = 0.09 L/min

Additional intelligence is also built into this aspect of the device. The PWM control for DC
devices ranges from 0 to 255. With the understanding that the system is already operating
minimally and that the pores of each membrane filter will slowly fill up, the device will recognize
when it cannot generate sufficient pressure through the water pump and relay to the user that the
micron membranes likely need replacing. This sequence will break the loop for 30 seconds only
and will begin the loop once more, as the device will not be able to operate until the program can
output a reasonable PWM value with a clean filter.
7.3 System Power and Life
Given the need for frugality of our device, the automation and controlling of the device is a
crucial part in helping the device sustain a reasonable battery life. Especially compared to many
other robust water filters, there is no need for our device to run constantly. This section will break
down exactly how our automation benefits our system and to what degree that it does.
7.3.1 Power Mapping and Current Draw
With the system automation regulating the current draw of the device, we wanted to get a
grasp of just how much battery life we are saving in implementing our system intelligence. It is
important to note that the devices with max current draw are the ones that are controlled by the
system intelligence, thereby optimizing the benefits of our system automation. Below, Table 7.3 is
divided into two sections, one to show the capacity of the power supply, and the other to show the
draw, thereby helping us determine the battery life.
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Table 7.3: Current Map of System Electronics.
Item
Category

Item Name

Power

8 x AA 12V Battery

Voltage
(V)

Current
Max
Controlled
Capacity Current Current
(mA)
Draw
Draw

12

Pin type

2500

N/A

Demand/Draw
Pump

DC Water Pump

12

300

300

0

Digital
(PWM)

Pump

Motor Driver
Controller

5

18

18

18

Digital
(PWM)

Sensor

Water Height Sensor

3.3-5.5

3-6

6

6

Analog

Sensor

TDS Sensor

3.3-5.5

3-6

6

6

Analog

Sensor

Flow Meter Sensor

5

-

Power

Arduino Uno Rev3

7-12

42

Filter

UVC Diode

5.6

100

Digital
42
200

42

N/A

0

Digital
(PWM)

7.3.2 System Battery Life
With the system intelligence, limiting current draw, the battery life of the device can be
drastically improved. In comparing the max and controlled current draw, the final battery life of
the system can be shown in Table 7.4.
Table 7.4: Controlled devices account for 500 mA of total draw
Max Current (mA)

572

Controlled Current (mA)

72

Time (hr)

4.37

Time (hr)

34.72

It is unrealistic to expect that the device will be standing still for the entire duration of its
usage, meeting the 35 hour battery life. However, this range still gives us and the users a sense of
safety, knowing that the device is unlikely to completely run out of battery from a single charge in
a day. Even at near maximum draw, the filter can pump water for multiple class sessions, fulfilling
its goal of being a scaled down classroom learning tool for water cleanliness.
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8. The LIFE App
The application guides users through the educational content from EWH, interfaces with
the Intelligent Filter from the Mechanical Engineering team, and so much more, providing a visual
and interactive way of learning for students and teachers alike.
8.1 Content
To design the app, two different target user audiences were considered: primary school
students and their teachers. The engineering and EWH teams provided different content for these
two target user audiences as shown in Table 8.1.
Table 8.1: Content documents made by different teams
Engineering team
●
●
●
●
●
●

Engineering World Health team
● Module 1: Physics in our world
● Module 2: Water in the human body
● Module 3: Waterborne illness and
prevention
● Teacher’s Guide
● Experiments Worksheets

Filter cleaning manuals
Frequently asked questions
Filter construction instructions
Refilling the filters manual
Filter learning adventures
Teacher introduction

For the app, we decided to embed the document and slides, whilst providing a framework
to parse, access, and interact with the content. Additionally, allowing for the inclusion of future
potential material if our client wishes to add more content before launch. To provide more
flexibility, we decided to take into consideration two different modes of learning features with
which to separate the use of the different content made.
8.1.1 Tita the Virtual Mascot
Since the app is primarily to be used by a student by themselves, a virtual mascot was
created to become a guide through the app both for app instructions and learning. Tita is short for
“gotita” which is Spanish for droplet. The main idea behind Tita was to provide a personalized
experience for the students with Tita addressing them directly, so they would feel more compelled
to follow her guidance. Tita also served a secondary purpose in adding witty humor and making
the learning experience more entertaining and enjoyable. Lastly, Tita looks like a water droplet to
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showcase that a clear (blue) water is clean and healthy while associating that a “muddy” turbulent
dirty water with illnesses. An example of these two versions of Tita are shown in Figure 8.1.

Figure 8.1: Clean and Dirty Tita
8.1.3 Flutter Coding Language
The coding of the app itself was done in Flutter[20], a lightweight framework for iOS and
Android development that compiles down to native code, which reduces the load on the cheap
tablet’s system. Flutter was chosen for its modularity - containing many different pre-built widgets
right out of the box, making the process of creating an MVP quick and painless.
8.2 Users
We separated the two modes of learning into student self-guided – where a student would
be able to pick up and use the tablet by either themselves or with other classmates with potential
teacher supervision– and teacher-guided – where a teacher is the one using the tablet primarily as a
teaching tool. Table 8.2 lists the app features specifically based upon the two learning modes.
Table 8.2: Student Self-Guided and Teacher-Guided app features
Student Features

Teacher Features

● Lesson progression bar
● Go back to lesson
● Color-coded and searchable lesson
selection
● Trophies
● Learning adventure quizzes
● Filter parts carousel

● Teacher Page
● Password protected way of deleting
stored data
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8.3 Design Review
We met with UX designer Daiana Yurzola to critique our mockups. She gave feedback in
regards to the layout grid in making it more user friendly and navigable. Previous iterations, seen
in Figure 8.2, consisted of multiple column layouts from 2 to 4 columns. This meeting helped
consolidate our information into a standardized 3 column format for the kids to more easily
navigate the app and for the buttons to be big enough for easy accessibility. Based on her
suggestions, we ended up changing the information architecture to be student centric.

Figure 8.2: Old (v.2) Student or teacher selection page
Upon multiple discussions with advisors, the testing with the children, and a UX designer,
we realized there was not a need for two different versions since most differences were
aesthetically. The major difference was a color change from blue for students to orange for
teachers. This two faced app and complex onboarding sequence was inefficient and not intuitive as
the added content to the teacher version did not warrant repeating all the other screens.
Additionally having two versions of the same pages would make it tedious to change between
users.
8.4 Information Architecture
When first opening the box, the teacher should be given a paper introduction pamphlet.
In-app, the user should start on the welcome page, where an introduction to the filter components
is displayed. From here, the user can navigate to settings, badges, home page, learning page, or the
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filter page. The home page acts as a traditional home page where different sections lead to other
parts of the app. A more detailed rationale is in the next section as the app is explained by page.
The final system is shown in Figure 8.3.
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Figure 8.3: Information Architecture Final Version (v.3)
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8.5 Main Pages
An in-depth exploration of the application’s subsystems aggregated as feature clusters by
page. Explores the four main pages that the app contains. Complete screenshots of every app page
can be found in Appendix K: App Screens.
8.5.1 Welcome Page
The welcome page is the splash screen of the app. Seen in Figure 8.4, it was created as a
way to appeal to new users, without forcing them to follow a tutorial each time, it appears when
the app first loads but is easily dismissed by just swiping to the right. It includes first time tutorials
on the left, and an engaging, interactive image of the filter in the center. The right side shows
information about whichever part of the filter is currently selected - the user can use the two arrow
buttons to check out different pieces of the filter, on a wireframe render. The pictures are
precached and loaded before the app runs for smooth transition.
The top blue strip, or appbar, contains a button that opens the setting page on the right and
a counter of lifetime water on the left. Clicking on the left brings up the lifetime water page. Both
of those are talked about in the miscellaneous pages section.

Figure 8.4: Welcome page. First page new users see (Figma).
When the novelty wears off for repeat users, it’s barely a hassle to just go to the home page
as soon as the app starts, and since many different students of different education levels and levels

77

of familiarity with LIFE will use the app, we saw the welcome page as a necessary addition to the
application.
8.5.2 Home Page
The home page is meant for users who don’t know where to go or are just getting started. It
looks similar to the design in Figure 8.5. It’s the second page a user sees in the app, and it contains
two sections meant to engage and encourage users to click on them. Those sections are the ‘dive
back into a lesson,’ which shows the most recent lesson you progressed in, and the ‘congrats
trophy’ screen, which shows the most recent trophy and who earned it. The dive back in provides a
quick way to get back into learning, and a reminder to complete your lesson. The congrats screen
emphasizes and encourages the competitive nature of the trophies - wouldn’t you like to have your
initials there? On the right we also have additional useful resources, including the teacher
resources page, and some behind the scenes of the project.

Figure 8.5: Home Page (Figma).
8.5.3 Learning page
The learning page, shown in Figure 8.6, contains a list of lesson modules, split into two
types: EWH-created PDF slides, which can be used by teachers or curious students, and learning
adventure modules, which are self-guided and meant for student use. The learning page comes
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with a search drop-down menu which changes whether one or both of these lesson modules are
shown.

Figure 8.6: Learning Page (Figma).
The EWH-created PDF slides are displayed in the app using the third-party pdfx package.
This provides a PdfView widget that displays a PDF, and comes with a controller for
scrolling/changing pages. This controller is used by the next and back buttons to increment or
decrement the pages. This can be seen in Figure 8.7.

Figure 8.7: Lesson PDF display page (Figma).
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The learning adventure pages contain text blocks, broken up by quiz blocks, and scroll
downwards like a document. When the user answers all the quiz questions right, they are taken to a
finish page and rewarded with a random trophy. The trophies are a collection of
(currently-not-created) cool images the students can unlock. The finish page uses a random
number generator to unlock a new trophy when a learning adventure is completed, and it prompts
the student to enter in their initials, which will be displayed under the unlocked trophy in the
trophy room.
8.5.4 Filter Page
The filter page contains guides for using the filter, seen on the left of Figure 8.8, and
contains buttons for interfacing with the filter, seen on the right side. Ways of interfacing with the
filter include connecting to the filter, seeing the status of the filter, and running the filter, which
opens up a secondary data page that displays the sensor data coming from the filter.

Figure 8.8: Filter Page (Figma)
The most important feature of the app is the ability to interface over bluetooth with the
Intelligent Filter. This was the first feature built into the MVP. Using a package called
flutter_bluetooth_serial, the app scans every paired bluetooth device, and creates a
BluetoothDevice object for every bluetooth device it detects. These are displayed, and the user
selects the device they wish to connect to. The app attempts to connect, and if it’s successful, sends
a string ‘start.’ The arduino recognizes this and starts a Stream of data, which the LIFE application
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receives and appends to a list contained within a Model class. This model class notifies its listeners
to rebuild when the data changes. The listeners are graph-drawing widgets which redraw every
second, as data updates. The graphs start with minimum y axis values, as determined through
testing, but if a y value that’s off the graph needs to be displayed, the graph will grow
automatically.
While the app is saving the arduino data to a list and using it to build graphs, it’s also using
the flow-meter rate to measure how much water is passing through the pump, and adding that to
the life-time water counter.
8.6 Additional Features
This section looks at some features within the application.
8.6.1 Data storage
Permanent and semi-permanent data storage is important for many different parts of the
app. The three types of data being stored are: lifetime water data, trophies, and learning adventure
progress. The lifetime water is stored as a simple integer that increments when the pump runs. The
trophies are stored as a list of ones if they’ve been unlocked, and zeros if they haven’t.
Additionally, a second list of the same length stores the initials of the person who unlocked the
trophy. Both of these are displayed in the trophy room page. Finally, the learning adventure
progress is stored as multiple different lists, one for each learning adventure, with each list being
the same length as there are quizzes in the learning adventure. Each list entry corresponds to a
quiz, and if that quiz has been answered correctly, a one is placed in the list at that spot. The
application uses this to determine when a learning adventure has been completed, and then clears
its progress. We made the choice to only save one learning adventure at a time, for simplicity.
Managing this data, and persisting it through closing the app requires a few different
classes. A breakdown is shown below, in Figure 8.9. First, a low level Data Class holds the
information. A Storage Class interfaces with this data class, providing methods to convert it to
JSON, and store it in a .txt file on the tablet. A higher level Change Notifier also holds an instance
of this data class, and notifies the app when it changes, so that the UI can be rebuilt. This change
notifier calls on the storage class API to save data in the .txt file. This data saving process is
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inexpensive, so it happens whenever the data changes, meaning even if the app crashes, the data
should persist.

Figure 8.9: A breakdown of the different classes involved in data management.
8.6.2 Translation Button
The application was written in english, but with the help of the out-of-the-box
flutter_localizations package, contains the ability to switch between english and spanish locales.
First, a spreadsheet of corresponding English, Spanish, and Variable names is created and
populated. Then, this spreadsheet is run through a csv to JSON converter, creating two JSON files,
one that correlates the variable with its Spanish counterpart, and one that correlates the variable
with its English counterpart. These JSON files are then uploaded to the application’s assets folders,
and used to create variable text blocks that can be placed anywhere in the application, and when
the devices built in locale changes from en to sp, the text blocks change as well. To this end, a
button was created in the settings page to toggle between the english and spanish versions of the
app. To change between english and spanish PDF slides, there will be two copies of each slide
deck - a spanish version and an english version - and depending on which state the button is in, the
application will display the corresponding PDF.
8.7 Miscellaneous Pages
Pages that aren’t the main pages, but are still an important part of the app. There are also
pages for content, such as guide pages, but those are omitted from this list since they’re just basic
text documents.
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8.7.1 Lifetime Water Page
The lifetime water page is accessible by clicking the top left corner of the app bar, the
water counter. It shows a horizontal timeline, with points at different levels of lifetime water
filtered. The timeline is colored blue to indicate the level of water, and the different points
correspond with cool facts about how much water that is, to put it into perspective.
8.7.2 Settings Page
Accessible through the top right settings button, the settings page currently only has one
button - to change the locale from english to spanish.
8.7.3 Trophy room
To make the trophies more enviable, and promote completion of learning adventures, the
trophy room exists to show off all the trophies. It displays a wrapped list of trophies, with shadows
for locked trophies, and the discoverers initials for unlocked trophies. It’s accessible through the
home page, or from the finish page when you complete a learning adventure.
8.7.4 Finish page
The finish page shows up when the user completes a learning adventure. It serves two
purposes: showing the user what trophy they unlocked, and allowing them to enter their initials
next to it.
8.7.5 Teacher Resources Page
The teacher resources page is accessible from the home page. It contains multiple guides
for teachers, and through it you can access the admin page. To get there, the user is taken to a
password page, and if they enter the admin password (given to the teacher with the tablet) it takes
them to the admin page.
8.7.6 Admin Page
The admin page allows the teacher to clear lifetime water data and trophy data. Progress
data resets when learning adventures are finished, but the water and trophies never reset. Trophy
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data is really important to be able to reset, since there are only a finite amount of trophies. After
every year/classroom, we recommend that trophies be cleared to give the new kids a chance.
8.8 MVP and progress
We went through many different iterations. Sometimes we iterated because of an idea we
had, sometimes it was from someone else, sometimes we found we couldn’t code it.
The first version included a simple separation of the manuals and filter pages. It was not
until version two that we realized the content related to the filter needed to be separated into
multiple different pages such as a Data Display page for the real time data and a Filter page for
access to documentation and setting up the bluetooth. To solve the issue of addressing the needs of
both the student and the teacher, we initially considered having two different versions of the app
with student and teachers views. For this version, there was an initial onboarding sequence with a
page to select which version of the app would be shown as seen in Figure 8.10. This page acted as
a gate between the two different versions. This previous information architecture can be found in
Appendix J: App Information Architecture Version 2 .

Figure 8.10: Design evolution from low fidelity mockups to high fidelity prototypes across three
versions
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8.8.1 Mockups
The first version included a simple separation of the manuals and filter pages. It was not
until version two that we realized the content related to the filter could be separated across multiple
pages. Using Figma, different iterations of the wireframes and mockups were designed. Ionicons
were used for the icons [21].
8.8.2 Tappable Prototype
The latest design was made into a tappable prototype in Figma that can be accessed here.
The following QR code (Figure 8.11) can also be scanned:

Figure 8.11: QR code for tappable Figma prototype
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9. Testing
As our project will be shipping out December of 2022, we wanted to test how it worked
with a group of real students. On April 16th, 2022, we brought our project material to the Thiebaut
Method School in Palo Alto, CA.
9.1 Testing Plan
We wanted to simulate an environment as close to our project in a real situation. This
entailed bringing our Intelligent Filter prototype to a group of students with an age range from 2nd
grade to 7th grade, giving the app and table to kids to play around with, and showing two sets of
slides, one from EWH and one from our General Engineers, to test out their respective content.
Then, we planned for students to break into small stations to experience the project in small
segments, in hopes of optimizing interactivity with a single unit of our project. Reference
Appendix L: Community Testing Plan and Notes for the testing agenda, student feedback, and
notes.
9.2 Testing Summary
The presentations were straightforward and received really well by the students.
Throughout the questioning phases of the presentation, students were very willing to step forward
and answer questions, which was in large part thanks to the module design and the framing of
questions around topics of interest for students. The interactive station portion was also very well
received as many students were able to choose their own experience and learn more about the
project. The three stations were mechanical design, filter assembly, and app design. We only had
time to have one station shift but we were able to observe how students interacted with our project
and make last changes in our design before we finalized the results.
To test the engagement of the students throughout not just building the filter, but getting to
use the filter, we collected dirty rain water from the street and ran it through the filter. The students
showed enthusiasm like jumping up and down as the water came out much clearer. The process of
purifying the water can be seen in Figure 9.1.
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Figure 9.1: Water purification from street to final container
9.3 Testing Results
We managed to get useful feedback from the students on all aspects of our project. The two
takeaways for the Intelligent Filter were that safety was key, and that the design behind the filter
was very interesting to students, especially older students. The safety aspect reinforced the need
for hidden, unpullable wires, and led to a more comprehensive guide being written for safe use.
The surprising amount of interest that students showed in the engineering behind the filter led to
some more detailed information being included in the app as bonus resources. The lessons already
use the filter as a prop, and explain some basic concepts, but this test reinforced that need and also
inspired us to include more resources about engineers, starting with our team.
There were three takeaways from the application testing: That the learning should be more
gamified, that the current home page was uninteresting, and that the application as a whole was too
bland. This led to a redesign of the application (v.2) which emphasized different colors, used
shadows for perspective, and overall tried to keep the design fresh and inspired. We also created a
welcome page, used as a splash screen for the app to draw the eye and engage users. The most
important addition was the trophy system, which came into place as a way to gamify learning and
bring out friendly competition in the students.
Testing out the educational content mostly reaffirmed that it worked, making it a
successful test. The one change that was made was the realization that the content needed to be
split up. Before, it was in three modules with some being over 50 slides. EWH split each module
up into 3-5 lesson chunks, making it much more digestible for users.
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10. Engineering Considerations
This section addresses the Professional Issues and Constraints and Civic Engagement
Objectives established for our capstone project. It critically evaluates the civic engagement of our
project, the relationship between science, technology, and society, the societal impact, the artistic
creation involved, health and safety concerns, and the ethicality of LIFE.
10.1 Civic Engagement
While this project engagest two large issues (lack of STEM education and clean drinking
water) in Latin America, the LIFE system is primarily designed as an educational tool with the
objective of education on the water crisis and harm of non-potable water. Because of the
engagement of the LIFE system in trying to alleviate what has been titled a public health issue, the
government has the authority over its acceptance of aid within their country. This is what limited
the number of the PASSAGE flight destinations and airspace restrictions. In addition, with these
schools located in different countries, approval from different regulatory agencies would have been
necessary for PASSAGE itself.
The project also engages educational institutions, which have been a point of contact with
our client Lee. During the design phase of our project, we interviewed several university/education
officials to ask about their demographic, as well as provide information to better target our
customers’ needs. During our testing phase, we were able to work with a local institution, Thiebaut
Method School in Palo Alto, where we further tested the engagement of the LIFE system within an
open classroom setting.
In addressing the potability of the water, we would have to seek quality control standards
before pronouncing that our filtration system produces potable water. This becomes an issue as the
LIFE system is intended for schools in different countries. Our research indicated that all these
countries have different standards for water quality, and a third party laboratory test would need to
be conducted. For the system to be considered a viable filtration option, we would need approval
from each independent country.
10.2 Science, Technology, and Society
Before considering science, technology, and society, it is important to define our target
community. We want LIFE to be a classroom demonstration unit, used year after year, teaching
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topics in water quality, public health, and more broadly STEM. The community, in this case, is
defined narrowly as the classroom and may be as large as the school or surrounding families.
The LIFE project is meant to be a community resource, teaching about water quality and
public health through an interactive device and app. Implementing this project, and thereby
shipping ten units to schools across Latin America, would undoubtedly reach a wide audience.
Despite our desire for a product that is useful to the community, we are mindful of the
unanticipated consequences of our design. For one, the project may reach a school that has no
desire to try the device or implement the curriculum. In this case, the technology fails to make any
social impact. A focus of our research, and a main obstacle throughout our design, was designing
for a broad range of customers. Considering there are ten Spanish-speaking schools within seven
countries, it is a given that none of these communities are identical. Additionally, we could not
even generalize nor assume the level of education within different urban, peri urban, or rural
locations. We tried to make our system as all-inclusive as possible, and hopefully this is not a
pitfall of our project.
If the project is implemented into the community, we expect a positive social impact. Our
goals–and the inherent design of the project–are to engage, educate, and empower the community.
The LIFE system will engage the students about STEM topics through interacting with the filter
and app. The curriculum will educate and continue learning. Finally, they will be empowered to
collaborate, share their newfound knowledge, and bring solutions to their community. However,
science and technology do not always affect society as anticipated. What happens if a student finds
the system too complex, or hard to understand. They may be turned away from STEM and
perceive it in a negative light. Especially in a classroom setting, we do not want the system to be
perceived in this way.
Reflections in this regard are an obligation in our role as engineers. We must consider both
the good and bad consequences of our design that come with the complex relationship between
science, technology, and society. We certainly hope LIFE is embraced by the community, but we
realize there are unanticipated consequences with technology. Addressing these issues and
reflecting on them, help to understand the impact of our work on society.
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10.3 Health and Safety
This project has shown us that as an engineer and following consequentialism to maximize
our solution’s benefit, it is important not only to think of the good our product can do, but also any
harm it could cause. The largest risk taken with our project is the consumption of non-potable
water. There are also risks with the project’s design with electronics, UV-C, and assembly. Making
these risks known to our users in order to prevent and minimize them means providing
documentation and labels in the customers native language (Spanish) and in a non-overly
scientific, technical, or pedantic way so they can easily understand without technical knowledge.
Appendix N: Student Project Hazard Assessment Form is a hazard form we filled out to identify
and mitigate risks and hazards of our project.
We also take steps in mitigating user risk by implementing parts such as the magnetic reed
switch, which mechanically cuts the circuit to the UVC light when the hinged lid is open. Also the
UVC filter itself is a redundancy to ensure harmful microorganisms are sterilized.
Most importantly, until further lab testing of the capabilities of the Intelligent Filter system,
it provides warnings as to indicate that the water is not potable. We want to ensure that the filter is
working to not only reduce the contaminants, but reduce them to the levels indicated by Appendix
F: Contaminants and Health Standards Table F-1.
10.4 Ethical Examination
LIFE aims to tackle the dual problems of education and poor water quality in Latin
America, by bringing them an interactive education tool that teaches introductory STEM concepts
in hopes of encouraging technical studies in higher education, and dually functions as a small and
frugal method of acquiring clean water for day to day use. Our main goal is to engage primary
school students in Latin America to stay in school and incentivize them to consider STEM not just
as fun, but as a potential career path that empowers them to become agents of change in their own
communities.
We were motivated to promote the justice and equality of one’s fundamental right to health
and education regardless of where they live [22]. In Latin America these are closely tied together.
While over 90% of children graduate from primary school and enter secondary school, only 59%
complete the curriculum [12]. The lack of access to clean water (an inalienable right) stops
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children from attending school. Children do not attend school either out of sickness from using and
drinking unsanitary water or from needing to help their mothers walk miles to a nearby water
source to bring back water home [23]. According to Article 26 of the United Nations’ Universal
Declaration of human right, the right to education, especially for fundamental primary school aged
children is delineated as an inalienable right [22]. Additionally, many students lack the exposure
to STEM concepts and as such, even if they continue in school many universities have low
matriculation rates for these technical fields due to the major knowledge gap.
A complete solution to these two issues requires a complex mix of educational
governmental policy and environmental infrastructure which are not our expertise nor something
we can realistically impact. However as engineers, we still hold a deontological responsibility to
ensure children have access to their rights. Following, National Society of Professional Engineers,
we are limited to perform services only within our areas of competence [24]. As mechanical and
general engineering students, we sought to combine our efforts with Public Health majors and
minors to rely on their expertise of health with our engineering knowledge to provide
comprehensive water quality, sanitation, and STEM educational modules in our tablet-filter
system.
We also worked with two partners: The SCU FIH and the Passage Initiative in conjunction
with Flying Ostrich Media (FOH). FIH works with senior design projects at SCU that have certain
constraints, making the project frugal. Our project has both monetary and logistical constraints,
which both relate to our other partner project, the Passage Initiative. This is our means of
delivering our project to the countries in Latin America; the amount of countries means multiple
units which means reducing costs as much as possible, while the method of delivery (a small
airplane) places stringent weight and space constraints on our project.
Having the privilege to observe these conditions from a higher-education-based senior
design endeavor in a developed nation, we wanted to make sure to address our solution of bringing
parity in terms of education and health to those who may need using two main lenses: care ethics
and common good. Using the care ethics lens allowed us to make sure our solution is respectful,
empathetic, and comprehensive, whilst as consequentialists, the common good lens allowed us to
maximize the amount of impact our limited, frugal project can make not just in the students’ lives
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but across the community. Lastly, our own motivations for undertaking this project need to be
examined through these lenses and on their own.
10.4.1 Ethics of Care
Ethics of Care: A comprehensive approach rooted in empathy and understanding of our users
[25].
Since we are not dealing with one school in particular, but rather across a major region
such as Latin America, it was very important for us to use care ethics to guide our research and
development. We interviewed current Peruvian engineering students and entrepreneurs that are
seeking to also make a change in the educational space within their countries to understand their
background, empathize with how they see their problem, and adopt their approach to solutions. An
important partner in this was SCU’s Frugal Innovation Hub. They provided contacts and starting
points for educating ourselves, as well as informational references.
Though in deontology, any approach that tries to restore the rights of the children could be
deemed moral, virtue ethics tells us that a frugal, reproducible, and sustainable approach is better
and more ethically correct because it is not a temporary solution, but one that enacts long lasting
change. Additionally, in terms of water quality, efforts such as purification tablets distribution and
pump installations provide slight benefit for a while until ultimately the project falls apart [23].
Using an Ethics of Care lens, we sought to create a cohesive and sustainable solution cycle that
starts with the children learning about water quality as they play with the filter along with STEM
concepts, promoting safe water practices to their families and community. Our hope is that the
hands-on engineering experience motivates them to become scientists or engineers and in
recognizing their ability to put together a sediment filter at such a young age when water is a major
issue, they feel empowered and hopeful that education is the key to change.
Additionally, as we distribute our system in multiple countries, we empathize with potential
negative ways our teacher users would feel. We do not want to come into the classrooms and
impose a way of using LIFE that disrespects the agency of the educator and their teaching
pedagogy. So instead, we focused on making LIFE a moldeable tool that educators can use in
multiple ways such as as a demonstration tool, data collection for science experiments that can be
shared across the classroom, or let the kids choose their own adventure through self-guided
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learning. To further this purpose, the app has two sections - guided learning adventures, and
learning modules (written by our EWH team). The learning modules are meant to be used by an
instructor, and the guided adventures are meant to be used individually by the students. These two
methods of learning make it easy for the teacher and make it possible for students to choose which
way they’d like to learn, taking into account each student's preferences and uniqueness.
10.4.2 Common Good
Common Good: Our actions should promote the welfare of the community and solutions align with
already existing ways the community operates [25].
Our project aims to help students, and by extension, communities in Latin America. Our
combination of water filter and learning app aims to interest the students in learning, motivate
students to pursue STEM education by showing how it can improve communities, and in general
improve the quality of education and thereby the community. This motivation aligns very clearly
with the idea of a ‘common good.’ Improving education and water quality are both initiatives that
serve to benefit a community at large, and our project aims to do both, through direct and indirect
means. This can be seen in the creative choices that we made to the app and to the filter, including
things such as: translucent containers on the filter so students can observe the inner workings,
replaceable and removable water filtration modules to educate and provide a reusable base, and the
distinction of app users into teachers and students, with self-guided and open-ended options for
learning. All this enables our solution to be modular and applicable in any learning environment,
or to create its own. This also works perfectly with the PASSAGE project, which is dropping off
not only the LIFE project but also related learning tools (books, science equipment, etc.).
10.4.3 Further Ethical Concerns
One of the biggest concerns of working with the Frugal Innovation Hub, and partnering
with Passage (who seeks to deliver STEM resources to underdeveloped countries) was that our
filters would become a superficial solution that works great for marketing and feeds a narrative of
a “Savior Complex”. We want the students to see themselves as the ones that can go back to their
communities to help themselves, like the Peruvian engineering students we interviewed. That’s
why we do not claim to solve the water issue because we know that a couple cups of water are not
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what will solve the water crisis. Our small-scale model was not designed as a short term solution,
but as a seed that the children will grow and disseminate themselves.
Another ethical dilemma was deciding whether we should provide multiple filters to one
school or only one. It would be disingenuous to claim to have helped an entire country when only
one classroom at a time in one school in that county would get the filter system. However, with a
limited budget allowing for the strict creation of only ten LIFE tablet-filter systems, we decided to
weigh the marginal return of an extra filter in the same school or in the same classroom with the
proposed alternative of having children alternate through using the filter. We calculated that
maximizing the amount of children exposed to the filter over the marginal benefit to quality
engagement in one classroom would provide the greatest impact. Our hope is that as Passage
returns to check in on the different communities and records the effectiveness of our efforts in their
documentary, more people would be inclined to donate and local universities around the area
become interested in 3D printing our devices and downloading our app so they can further
distribute the LIFE system.
10.5 Lessons Learned as Engineers
Working on this project has taught us the character of being an engineer. Two technical and
professional habits required by our project are respect for nature and commitment to the public
good. These line up well with the ethical lenses we just talked about. For respect to nature, the
work on our project reflects how we value the natural world since water is a high value resource
we design for. Commitment to the public good is building a device that helps anyone obtain clean
water and learn about STEM. Questions such as the ethics behind reusable or non-reusable filter
technology, or the possibility of water potability were both thought about while designing the filter.
One of the greatest ethical dilemmas we had to face is the risk of reducing the educational
value within the system to decrease costs in order to make the device more frugal. Increased
frugality means the solution can be delivered to more places and impact more people, but it also
limits the amount of intractability the system contains. For instance, the device could still act as an
educational toy if we took out all the expensive sensors, but we decided that compromising the
filtration device was not acceptable since it would weaken our project when seen through the dual
lenses of common good and care. Furthermore, it would destroy the usefulness of the device as a
demonstration tool for quantitative scientific experiments. Thus, impacting the quality of learning
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the student can obtain from the device increases the probability of the teachers not using the
device. Therefore, we have been working to develop the most frugal manner in delivering a
functioning filter.

95

11. Cost Analysis
This chapter goes over the cost of this project in both development and a per unit cost of
the final product.
11.1 Prototyping and Development
The entire purchase list is included in Appendix M: Itemized Purchase List Table M-1. This
was the total cost to produce two prototypes of the 3D printed parts as well as several water
sensors to determine what would be the best and most effective combination for water quality
testing. Most of the expenditures were related to the experimentation of concepts such as the
sediment modules and obtaining the sensors for testing. However, this also includes the cost of the
final prototype which was used during the testing and senior design conference.
Table 11.1: Budget spending and amount remaining.
Item

Cost

School of Engineering Funding

$2,500.00

Amount Spent on Prototyping and Development

$1,350.30

Amount Left for Reproduction

$1,149.70

11.1.1 3D Printing
There are five unique 3D printed parts that make up the device. All of these parts are
printed using less than a spool of 1 kg filament. The sediment filter assembly and electronics box
were printed using PLA. As mentioned previously, the UV-C casing was printed out of PETG for
enhanced UV light resistance. We used a 1 kg spool of 1.75 mm PLA filament costing around $19
a spool. The UV-C casing was printed at the SCU MakerLab, but a 1 kg PETG spool of filament
would cost the same amount. Since the UV-C casing was so small, it was more economical to
utilize the MakerLab’s printers than purchase an entire spool and barely use any of it. Table 11.2
provides an overview of the cost of each printed part of our device. With everything added up, the
total cost of all 3D printed parts per device is $10.70.
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Table 11.2: Cost for each 3D printed part assuming $19 per 1 kg of PLA/PETG filament.
Part

Material

Mass
(grams)

Quantity per
device

Calculated cost per
device

Sediment Filter Funnel

PLA

52.78

1

$1.00

Sediment Filter Module

PLA

58.47

3

$3.33

Sediment Filter Base

PLA

79.32

1

$1.51

Electronics Box

PLA

246.10

1

$4.68

PETG

6.40

1

$0.18

UVC Diode Casing
11.2 Final Product

A budget overview for the Intelligent Filter version that will be sent out and associated
tablets is shown in Table 11.3. The entire itemized list is included in Appendix M: Itemized
Purchase List Table M-2. These costs are estimated maximum costs for parts that need to be
purchased to replicate the Intelligent Filter for the ten schools in the PASSAGE initiative. These
costs are not the total cost of the project or the individual units, as noted in the comments. This is
due to the omission of items already purchased during prototyping, so more accurately, the Total
Cost is the total additional cost for the materials that are needed to complete the project.
Table 11.3: Budget overview for the shippable final product.
Item

Cost

Comments

$3,224.38

Excludes cost of materials we already have, includes
tablets, excludes sales or markdowns

Shipping

$16.70

Accurate shipping cost (McMaster-Carr and Amazon)

Taxes

$305.23

Estimated tax

Material Cost

Total Cost (10 units)
Cost per unit

$3,546.31
$354.63

Material cost + shipping + taxes
Total cost / 10
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Appendix A: Customer Questions and Responses
This Appendix lists the customer questions and responses from the interviews done to gather
customer needs.
Customer Questions
General
● What level of technology have these kids been exposed to?
○ What level of technology have the teachers been exposed to?
○ What perspective will these kids have (e.g. in the bay a kid sees a tablet and it’s
‘whatever’)
● What’s the biggest challenge to learning how to code?
● Do the teachers know or want to teach this?
● Are there any topics the teachers would like to teach?
● How would the teachers expect to teach it? How hands-on do the teacher’s expect to be?
○ Leave them 1-1
○ Have group of students at a time
○ Engage with the whole classroom
● Will this be set out as part of a lab 1 to each school or per classroom, per grade?
● How were the books created for the communities?
For Lee Giat Only
● What updates do we have on the size and weight constraints of our project?
● Does our vision of a fitness, health, and anatomy device fit the mission statement of Flying
Ostrich Media and the PASSAGE initiative?
● Other professional updates?
○ Partnerships?
○ Early product screening?
Customer Responses
Interview with Mauricio Castillo, Johnmi Huaman Anchraico, Noelia Majerhua:
Interview notes are included in Appendix C: Notes from Peru Interview.
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Main points:
● Access to technology is very limited and exposure to STEM is overall very low in priority
○ At best, 2.5 G connection with mostly radio and television as a media medium
○ Teachers are also not well equipped to teach STEM related topics
● Student’s exercise regiment is limited to simply running, futbol/soccer, and volleyball with
little to no understanding of human biomechanics and health
● The market for STEM enrichment is out there in the form of college recruitment, it just
needs to be addressed at an earlier point in student’s lives to generate more interest and
momentum.
● It’s best if we target younger kids as we want to start exposing students to STEM much
earlier than secondary schooling
Lee Giat Response:
● Happy to learn we are including anatomy, health, wellness
○ Public Health/Fitness learning modules complements other plans the initiative
already has
○ Fits in with STEM
● Reinforced the need to cater towards a younger learning audience.
● Offered to bring early sketches and drawings for screening in Barranquilla, Colombia for
more info gathering.
● Feedback: We should freeze the constraints given by him as there is little to no leeway for
parameters to change.
Allan Morales at Frugal Innovation Workshop #1:
● Core competencies in design strategy
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Figure 1-A. Frugal Innovation Hub Core Competencies infographic [provided by Frugal]
● Project must be appropriate, affordable, adaptable, and applicable for emerging markets
● Directly addressed our project
○ Knows that our project needed a more complex objective required by the MECH
department
○ Our challenge is to incorporate Frugal core competencies while meeting everyone
else’s constraints
○ The project is unique since we are working with Flying Ostrich Media as a client
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Appendix B: Confirmed Schools and Hosts
Table B-1: Confirmed schools and hosts provided by Lee Giat of Flying Ostrich Media.
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Appendix C: Notes from Peru Interview
Table C-1. Interview with Mauricio Castillo, Johnmi Huaman Anchraico, Noelia Majerhua.
Direct Quote(s) (in Spanish)

Translation

● El internet y Conectividad 2G a zonas
rurales

● Rural Communities will have 2G
connection

● No estaban preparados para trabajar
virtualmente; NO hay internet

● Were not prepared for virtual work; No
internet

● En las regiones, no hay mucho acceso
● Se conectaba con radio

● In regions without much access
● Information is conveyed via radio

● Hasta los docentes tienen un nivel
limitado de matemáticas

● Even Teachers have low mathematics
comprehension

● No enseñar con términos técnicos pero
más sencillo para hacerlos más divertidos
● Que se enseña de STEM en estas escuelas
rurales? Básico

● Try to teach with less technical terms to
make learning more fun for students
● Only basic STEM is taught in schools

● Se dan Becas que el gobierno da para que
vayan a Lima a estudiar
● Ferias de universidades brindan charlas,
de qué trata cada carrera
● La universidades , te cuentan sus
experiencias
● Podemos hacer convocatoria de docentes,
y ellos expliquen las carreras

● Students have the opportunity to earn
scholarships to study in Lima
● College fairs explain majors and their
general responsibilities
● Colleges will share their experiences of
these career paths
● Also have teachers explain careers

● Primaria 6-11
● Secundária 12 -16/17 anos

● Primary: 6-11 yrs old
● Secondary: 12-17 yrs old

● Ejercicio pero no tanto
● Calentamientos por fútbol y voleibol

● There isn’t much exercise in school
● Warmups for futbol/soccer and volleyball

● Que cada monito - experiencia laboral y
educación
● Manera lúdica es más fácil de aprender

● Teaching through experience or academics
is best
● Fun makes it easy to learn for everyone

● Secundaria ya es más tarde
● niños no captan mucho, la base para que
puedan tener idea

● Secondary school is already too late
● Ideally when kids are still naive, start
giving them an idea of what STEM is
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Appendix D: Full Customer Needs Table and Benchmarks
Table D-1: Hierarchical list of customer needs.
Importance ranking denoted by the amount of *’s (*** being the most critical) and latent needs
denoted by !. Relative importance of customer needs defined in the last column on a 1:5,
least-to-most important scale.
Importance
Rating
Need
Imp
***
The device lasts a long time
4
**
The device withstands shipping
5
***
The device is reusable after the curriculum is completed
5
**
The device survives harsh working conditions
3
***
The device is easy to use
4
**
The device intuitively guides the user through any required assembly
2
The device is easy to understand without any knowledge of water quality
*
or filtration
4
***
The device is easy to learn how to use
3
*
The device is friendly to the country's power standards
4
***
The device is reliable
4
***
The device withstands fatigue and failure criterion
4
*
The device requires no maintenance within its lifetime
2
***
The device is shippable
5
***
The device fits within a small volume for shipping
5
**
The device is lightweight
4
**
The device is frugal
3
*
The device is affordable to make
1
The device can work with local community materials after consumables
*** !
are depleted
4
***
The device is replicable and scalable
4
*
The device is easy to manufacture and assemble
2
**
The device is duplicable for all 10 Spanish speaking schools
4
***
The device is functional
5
***
The device provides potable water
4
*** !
The device can teach STEM topics
5
**
The device has safety precautions built in
3
*
The device teaches through guided assembly and usage
2
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Table D-2: Benchmark existing products based on the identified customer needs.
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Appendix E: EWH Water Contamination Research
Table E-1. Detailed water contaminant research by country.
Country

Water Contaminants

Argentina

Arsenic (Global Press Journal)
- ~4 million Argentines live in areas where groundwater is contaminated by
arsenic according to 2015 study published in Science of the Total
Environment
- Rural parts of country = most affected
- Emphasis on use of organic waste for water purification (recycled
construction materials)
Arsenic, Fluorine & other anthropogenic contaminants (nitrates, faecal
contaminants & pesticides) (OECD)
- Arsenic levels supersede thresholds recommend by the WHO →
Northern/Central regions of Argentina
- 4 million people affected by arsenic in Argentina
- Public health issue due to arsenic’s high risks to trigger carcinogenicity and
neurotoxicity

Chile

Arsenic (NCBI)
- Long standing problem of arsenic in water
- Affected communities in northern Chile, especially city of Antofagasta
- Levels of contaminants
- 1958-1971 = 0.86mg/L
- 1970 = 0.12mg/L (due to installment of first abatement plant)
- 2005 0.01-0.03 mg/L
- Adverse health impacts due to arsenic = lung cancer, bladder cancer &
heart disease (decreased as concentrations decreased)
- Rural areas (where there is lack of sewage) still struggle with high arsenic
content in water
Arsenic (ResearchGate)
- 1.8 million people (12% of population) live in arsenic-contaminated areas
- Air, water and soil contaminated with arsenic from both natural and
anthropogenic sources
- “In rural areas, indigenous populations, who lack access to treated water,
were also exposed to arsenic by consuming foods grown locally in
arsenic-contaminated soils”

Dominica Coliforms & Pollution (Water Action HUB)
n Republic
- Overall lack of adequate and consistent monitoring of the water quality
- Current evidence suggests levels of nutrients, organic matter, and
bacteriological contamination are high
- Increasing/high levels of coliforms ~23% (DR standards: presence of
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coliforms in more than 5% of samples means water isn’t potable)
- High levels of mercury
- High levels of pollution, pesticides
E.coli concentration (NCBI)
- “Dominican Republic reported to have 82% of its population with access
to an improved water source, this study provides evidence that this
percentage may be an over-estimate of safe water access because it does
not consider the measured microbial quality of the water.”
- From improved sources of water: 51% (immediate risk), 26% (high risk),
22% very high risk
Contaminants
- “Rural and removed cities get their water from community collection tanks
that are frequently contaminated with bacteria, insects, and even dead birds
that get trapped inside” (JMU)
Other articles:
- Cronkite ASU
Columbia

Stats/Access (Borgen Project)
- 86% rural population has access to water
- 40% of water in rural areas has a safely managed label and 46% had basic
water management
- For rural populations, 19% use water from rivers, lakes, or wetlands for
drinking, washing, and cooking → Colombia has 514,800+ sites for raising
livestock, animals easily contaminate the water
Contaminants (Hydratelife)
- Residual chlorine
- Microorganisms
- E. coli/ coliform bacteria
- Pollution (mining, human, livestock, and industrial waste, agricultural
activities (pesticides, fertilizers), oil spills)
Health Indicators (NCBI)
- In 2012: 502,000 diarrhea deaths were caused by inadequate drinking
water
Contaminants (Springer)
- Sulfates
- Lead, cadmium
- Nickel
- Iron
- Chromium
- Ammonium
- Microbial Activity (e.coli)
- “The Risk Index of Water Quality for Human Consumption (IRCA)
calculated for the water supplies of five towns in the rural area of the
Colombian Caribbean region classified the waters as unfit for human
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consumption (Guzmán et al. 2010). The greatest risks were represented by
heavy metals such as chromium and nickel, total coliforms and, in some
cases, E. coli, above the maximum acceptable levels. The waters from
Malagana and Mahates aqueducts also classified as unfit for human
consumption due to total coliforms, lead and cadmium levels.”
Peru

Fecal Contamination (LSHTM)
- 28% of water samples had fecal contamination
- “Escherichia coli was detected in 47% of source and 43% of stored water
samples (P for McNemar's test = 0.14). Of 200 total stored water samples,
58% had no detectable E. coli, 22% had an intermediate/high level of
contamination, and 21% were highly contaminated (> 100 MPN/100 mL)”
Helicobacter pylori (Gastroenterology)
- Elevated levels of H. pylori in water
Arsenic (SciELO)
- In 86% of the groundwater samples, arsenic exceeded the 10 µg/l arsenic
concentration guideline given WHO for drinking water.

Puerto
Rico

Island has racked up fines and violations for failing to adequately test the tap
water (NPR)
- Contaminants:
- Heavy metals
- Bacterial pathogens
- Synthetic and volatile organic compounds
- Health effects include: developmental issues, kidney and liver damage,
various cancers
Lead
- 97% of Puerto Rico drinking water is supplied by a local drinking water
system
- Violated the Safe Drinking Water Act on copper and lead

Jamaica

Urban poor/ Rural Jamaica (Water World)
- Adequate sanitation standards are at 80%
- 10% of Jamaica’s 2.7 million live in poor settlements
- 69% of Jamaican households receive untreated drinking water
Dependent on groundwater for water supply (WRAJ)
- Water is wasted due to inefficient irrigation systems
- Groundwater is polluted:
- Bauxite- alumina industry
- Saline intrusion
- Excessive nitrates due to improper sewage treatment/ disposal
http://www.oas.org/reia/iwcam/pdf/jamaica/Jamaica%20National%20Report.PDF

Guatemala 95% of surface water is contaminated (World Habitat)
- Water contamination accounts for 1,100 deaths per year (children)
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- Due to gastrointestinal disease, diarrhea
- In rural areas 20% of population does not have access to any source of
water
- In rural areas 30% of population does not have access to sanitation services
- A lot of energy/ electricity is used to boil water to treat and drink
Pollutants: (Medium)
- Every day nearly 6,000 people die from water- related illness, vast
majority are children
- Vibrio Cholerae
- Causes cholera 1 and 2
Major Diseases: (Index)
- Hepatitis A
- Spread through consumption of food/ water infected with fecal
matter
- Mostly affects rural areas with poor sanitation and access to
vaccine
- Typhoid fever
- Spread through contact with food/ water infected with fecal matter
or sewage
- Mortality rates can reach 20%
- Bacterial diarrhea
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Appendix F: Contaminants and Health Standards
Table F-1: National Primary Drinking Water Regulations [12].
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Appendix G: Design Verification Calculations
Properties of materials
⍴sand= 1442 kg/m3
⍴gravel(max)= 1920 kg/m3
⍴activated carbon= 2100 kg/m3
⍴water= 998 kg/m3
Dimensions of materials
Inner Diameter= 80 mm; thickness=20 mm
Area= 5026.55 mm2
Volume= 100,531 mm3
Loads and theoretical combined loads
Wsand= 1.450 N
Wgravel= 1.920 N
WACarbon= 2.100 N
Wwater=1.003 N
*Assumption: water and given material occupy calculated volume in equal parts
Wsandwater=2.453 N
Wgravelwater=2.923 N
WACWater=3.103 N
Total load=8.479 N
Sediment Filter Calculations
For model validation, a simplified tube with dimensions below is used with the same fixed
support and loads.

Tube OD do=84mm, ID di=70mm, Length 138.5mm
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Axial Stress
𝑃
𝐴

𝜎axial =

4𝑃

=

2

2

𝛑•(𝑑𝑜 −𝑑𝑖 )

P = 200 N
𝜎a = 118.1 kPa
Bending Stress

𝜎bending = −

𝑀𝑧𝑟
𝐼𝑧

|| Ipipe =

𝛑
64

4

4

(𝑑𝑜 − 𝑑𝑖 )=1.265*10-6 m4

Mmax (@ x=0 m) = -0.015235 kN * m
𝜎bending = 505.8 kPa
Factor of Safety

𝜎x=505.8 kPa + 118.1 kPa = 623.9 kPa
N Von Mises =

𝜎𝑦
𝜎𝑒𝑞,𝐴

= 70 MPa/623.9 kPa = 112.2

Acrylic Tube Calculations
Axial Stress
𝑃
𝐴

𝜎axial =

4𝑃

=

2

2

𝛑•(𝐷𝑜 −𝐷𝑖 )

PPoint load = 10,000 N
𝜎a = 16.24 MPa
N Von Mises =

𝜎𝑦
𝜎𝑎

= 45/16.24 = 2.77

Bending Stress

𝜎bending =
Ipipe =

𝛑
64

4

4

𝑀𝑥
𝐼

(𝑑𝑜 − 𝑑𝑖 )= 7.52*10-7 m4
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PDistributed Load = 127 N/m (from base to height)
Mmax (@ y=0 in) = -386.12 N * m
𝜎 = 25.67 MPa
N Von Mises = 1.75
Combined Loading Factor of Safety

𝜎eq = 𝚺 𝜎x = 16.24 MPa + 25.67 MPa = 41.91 MPa
Neq = 1.0737
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Appendix H: CAD Drawings
Notes
● Built/manufactured parts get a part number and corresponding drawing
○ Part numbers may not be in numerical order due to old versions
■ Ex. current reservoir assembly consists of parts 0401, 0404, 0405, 0406
● Commercial off the shelf (COTS) are included in assembly drawings
○ These parts require no modification after being purchased
Model Tree
● LIFE-22-A-0000
○ LIFE-22-A-0100 (sediment filter)
■ LIFE-22-P-0101
■ LIFE-22-P-0102 (x3)
■ LIFE-22-P-0103
■ COTS
● O-Ring 84 OD 78 ID mm (x5)
● EPTTECH Optical Infrared Water Level Sensor
○ LIFE-22-A-0200 (substructure)
■ LIFE-22-P-0201
■ LIFE-22-A-0300 (electronics box)
● LIFE-22-P-0301
● LIFE-22-A-0500 (box with inserts)
○ LIFE-22-P-0501
○ COTS
■ M2.5 x 4.5mm Tapered Heat-Set Inserts for Plastic
(x8)
● COTS
○ 12V Pump (370B12v)
○ Arduino Uno
○ X8 AA Battery Holder
○ L298N Stepper Motor Driver
○ RockerSwitch
○ Magnetic switch w leads
■ LIFE-22-A-0700 (Assembled Top Plate)
● LIFE-22-P-0202
● LIFE-22-P-0205
● LIFE-22-A-0600 (UV-C filter)
○ LIFE-22-P-0601
○ LIFE-22-P-0602
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○ COTS
■ Ultraviolet (UV-C) 275nm LED Module
■ Fused Silica Wafer
● COTS
○ Magnetic switch
○ EPTTECH Optical Infrared Water Level Sensor
○ GREDIA 0.25in Water Flow Sensor
○ 18-8 Stainless Steel Button Head Hex Screws (97763A176)
(x8)
■ COTS
● 18-8 Stainless Steel Button Head Hex Screws (97763A176) (x8)
○ LIFE-22-A-0400 (reservoirs)
■ LIFE-22-P-0401
■ LIFE-22-P-0404
■ LIFE-22-P-0405
■ LIFE-22-P-0406
○ COTS
■ 18-8 Stainless Steel Button Head Hex Screws (97763A176) (x12)
■ Plastic-Head Thumb Screws (91185A442) (x6)
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Appendix I: Hardware Goals
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Appendix J: App Information Architecture Version 2
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Appendix K: App Screens
Screenshots from the current iteration of the app, unordered:

Welcome Page
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Home Page

Learning Page
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Filter Page

Profile Settings Page
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Life-Time Water page

Teacher Resources
136

Admin Login

Admin Page
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Sample Lesson Page p.1

Sample Lesson Page p.2
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Appendix L: Community Testing Plan and Notes
Saturday, April 16th 11 am - 12:10 pm
East Palo Alto Testing Plan
Agenda
● Introduction

10 min

○ Name, year in school, what you like about your project
○ Purpose of study
○ Raise hands for questions
● EWH Presentation

15 min

● What is a Filter?

10 min

● Put device together

15 min

○ Screws for Reservoirs
○ Sediment Filters (Instructions)
○ Ask for feedback on app design
● Experiment

10 min

● Dirty water run through filter/app
● Study group feedback and thank you

10 min
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Student Feedback from Thiebaut Method
● Y/N Questions
○ Thumbs up down, did you learn anything?
■ 6 up and 2 inbetween
○ Thumbs up down, was it fun?
■ 6 up and 2 inbetween
○ Thumbs up down, would you want one in your classroom?
■ 6 up and 1 inbetween
● Open-ended
○ What did you learn?
■ Sand is slow to make water go through, sand is harder for water to get
through
■ I knew some stuff already, can tell some things about your body like pee
■ Learned about micron filter at the end of the tube and water filter
● How small the micron filter was
■ How much water is in your body
○ What was your favorite part about today?
■ Learning about the body
■ Doing the project, the water filter experiment
■ Coding and computer
■ Talking with Andrew about robotics
■ Working with the filter
■ Coming up with ideas (for the app)
■ The app, looking through it
○ What was the best thing about the filter/tablet?
■ Well organized, everything was easy to find
■ Filtering, they added the right amount of water
○ What did you not like the least about the filter/tablet?
■ Cutting the cheese cloth, disliked
■ Little bit too easy
○ Any ideas of how to make this better?
■ Add scientific questions
■ Guessing what’s going to happen, more hypotheses
■ Lots of wires hanging out, little kids will yank them
■ Make them not touch the wires, safety
○ What age do you think?
■ Mechanics behind filter not for 8 year olds
■ Learning about dehydration for 8 year olds
■ 8-10 year olds, maybe 11
■ 11-13 teach mechanics of how it works
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Reflective and Descriptive Notes
Andrew – please keep track of students faces, attitudes and all questions made by students
throughout and their responses to the questions we’re asking
Table L-1: Reflective and descriptive notes from testing session at Thiebaut Method School.
REFLECTIVE

DESCRIPTIVE

(any ideas, questions that arise)

(what you see and hear)

● EWH presentation
seems engaging, might
be from the voluntary
participation nature of
Thiebaut Method
● Pulse, jumping jacks,
facts about body were
interesting and engaging
● It was good to bring out
the bags of filter
mediums
● Not hypothesis, use
guess instead, had to
rephrase question
● Still confusion about
charcoal
● Instruction were entirely
verbal and step by step,
it will be hard to draw
conclusions from this
testing and convert to
written instructions

Introductions
● Passion projects
○ Homeless mothers and children
■ Taught kids how to give hygiene
products to homeless
○ Digital literacy class, month of different
courses, how to code
○ Bow and arrow, archery class
○ Arts and craft at school, science projects
○ Engineering
○ Write books to kids in hospitals, put smile on
faces
○ Humor, telling jokes, engineering, built car
out of wood, small scene of Jurassic park
performed at preschool
■ Engineering prank, teach other kids
how to build
EWH Presentation
● Dehydration - student answer: body doesn’t have
water
● Students all paying attention
● Pee color
○ Student question: what happens when it’s
just water
● Everyone puts hand over heart
○ Interested by heart size, fist demo
● Feel pulse
○ Students engaged, feeling pulse
Feedback
● Teacher Q: Why are we learning about water and
clean water?
○ The engineers built a clean water
● Student Q
○ Is salt water and regular water different?
■ Salt water like the ocean is naturally
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occurring
Engineers Filter Slides
● Student Q: Is it like the TikTok ones?
● Allan: What is gravel?
○ Student: tiny rocks
● Why use sand and gravel?
○ Student: it has elements that filter the water
better
● Does it make sense that gravel filters out the bigger
particles and sand the smaller?
○ 3 visible thumbs down
● Crumpled piece of paper, going through different
size finger rings
○ Good example
○ Still 1 thumbs down, audible “I don't get it”
● Charcoal
○ What are chemicals?
■ Student: Like when you put together
mentos and Coke
Build a filter station
● Took 1 minute 4 seconds
○ All three kids built a filter module at once
● Noticed the filter medium was wet
○ What did you rinse it with
■ Water
● Had to specify righty-tighty
○ Seemed to screw in easily
■ Not too difficult
● Hypothesize
○ What will the device do
■ What color?
● Good questions to ask, fit
very well
● Students are looking at it run
○ “Wow”
○ “Its kinda vibrating”
○ “This is a project for people to get water
from”
■ “I wish I had this already”
○ Filter worked well, producing clear water
output
■ Amazement that the filter goes from
a dirty reservoir to a clean one
● A bit of confusion of what
happens after the sediment
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filter, how does it get cleaner
between reservoirs?
○ Student Q: are you running a RaspPi?
● 11-12 minutes for second station to build filter
○ The station that had to time the different
mediums
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Appendix M: Itemized Purchase List
Table M-1: Itemized budget list for all purchased items during prototyping and development.
Item

QTY

Total Cost

TECLAST 8" Android Tablet

1

$89.99

PLA Filament (3D Printing)

2

$41.98

uxcell DC 12V 300mA 1300ml Water Flow Food Grade Self Priming Diaphragm Micro
Water Pump

1

$16.59

HiLetgo 4pcs L298N Motor Driver Controller Board Module

1

$10.69

Rollerflex Food Grade Crystal Clear Vinyl Tubing, 1/4-Inch ID x 3/8-Inch OD, 10-FT,
Made in USA (100 ft)

1

$6.99

1 micron filter fabric sheet

1

$34.16

0.5 micron filter fabric sheet

1

$37.67

ALLPOWERS 2 Pieces 2.5W 5V/500mAh Solar Panel DIY Battery Charger Kit

1

$12.99

9V Rechargeable Battery Charger Pack, LP 4-Pack 600mAh 9 Volt Li-ion Batteries &
4-Bay Battery Charger for Alarms, Wireless Microphones, Smoke Detectors, Toys,
Flashlights, Guitar, Keyboard & More

1

$26.95

DZS Elec 6pcs XL6009 DC-DC Booster Converter Module 3V-32V to 5V-35V 4A
Adjustable Step-up Voltage Regulator 5V 9V 12V 24V Power Supply Module

1

$11.99

AUSTOR 560 Pieces Jumper Wire Kit

1

$11.99

GAOHOU PH0-14 Value Detect Sensor Module + PH Electrode Probe BNC For Arduino

1

$36.66

Turbidity Sensor Module, Turbidity Sensor Water Quality Monitoring Sewage Turbidity
Value Detection Module TSW-20M for Turbidity Measurement

1

$28.69

Atlas Scientific Oxidation-Reduction Potential Consumer Grade ORP Probe +/-1100mV

1

$61.77

TDS Water Conductivity Sensor,for Arduino Liquid Quality Monitoring Detection Tester
Module Parts

1

$18.29

CQRobot Ocean: TDS (Total Dissolved Solids) Meter Sensor Compatible with Raspberry
Pi/Arduino Board

1

$13.99

Flowmeter Micro Flow Meter Flowmeter 6 MM Flow Meter Low Start Flowmeter

1

$8.39

CrazyCap LYT Bottle, Self-Cleaning and Water Purification Sports Bottle 17 Oz, Vacuum
Insulated Stainless Steel, Double Walled, Simple to Use Hydro Smart Metal Canteen

1

$34.00

Mini 3W U&VC Timer Aquarium Algae Clear Light Fish Tank Water Clean Lamp Green
Bloom Clean Light for Sump Pond Filter Tank

1

$17.99

3 Pieces PTFE PlasticTubing Cutter Hose Tube Cutter Pipe Cutter

1

$9.99

embedded board (ORP add on)

1

$19.51

embedded circuit (ORP add on)

1

$41.99

2Set 8 x AA Thicken Battery Holder

1

$6.99

ZUPAYIPA 15 Pcs AC 6A/250V 10A/125V 2 Solder Lug SPST On/Off

1

$6.99

ElectroCookie Proto Shield Kit Compatible with Arduino Uno, Stackable DIY Expansion
Prototype PCB (3 Pack)

1

$14.99

HiLetgo HC-06 RS232 4 Pin Wireless Bluetooth Serial RF Transceiver Module

1

$8.49
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Bi-Directional Serial Channel Slave Mode for Arduino
Rechargeable AA Batteries with Charger, POWEROWL 8 Pack of 2800mAh High
Capacity Low Self Discharge Ni-MH Double A Batteries with Smart 8 Bay Battery
Charger (USB Fast Charging, Independent Slot)

1

$28.99

3 mm Wide, 78 mm ID Oil-Resistant Buna-N O-Ring

1

$14.24

Kalolary 250PCS Irrigation Fittings Kit, Drip Irrigation Barbed Connectors for 1/4-Inch
Tubing

1

$11.99

M2.5 Brass Insert, 4.5 mm (Length), Female Thread, Heat Sink or Injection Mold, 100 pcs

1

$15.98

Cqyueen Heat-Set [M2, M2.5, M3, M4, M5] Insert Tips for Corresponding Inserts

1

$19.99

M2.5 x 5mm Button Head Socket Cap Screws, Stainless Steel 18-8 (304)

1

$7.99

Zuvas Black Plexiglass Sheet 11.8” x 15.75” x 1/8” 2 Pack Black Cast Acrylic Sheet, DIY
Materials for Home Decor, Handcraft, Painting, Photography, Pet Tag, Switch Panel,
Display Stand

1

$16.99

Labasics Qualitative Filter Paper Circles, 70 mm Diameter Cellulose Filter Paper with
15-20 Micron Particle Retention Medium Filtration Speed, Pack of 100

1

$10.59

EPTTECH Food Grade Optical Infrared Water Liquid Level Sensor 500mm Cable High
Sensibility, Working with Liquid Level Controller(Pack of 3)

1

$15.80

Wiztech Digital PH Meter with ATC: 3 in 1 PH TDS Temp - High Accuracy Pocket Size
PH Tester 0.00-14.00 PH Measurement Range

1

$30.99

HM Digital 1000ppm TDS Calibration Solution

1

$11.22

HM Digital C342 TDS and EC Calibration Solution, 342 ppm (NaCl), 90 ml Volume

1

$12.95

120PCS Solder Seal Wire Connectors - Sopoby Heat Shrink Solder Connectors Waterproof Solder Butt Connector Kit Insulated Automotive Marine Electrical Wire
Terminals

1

$9.99

Klein Tools 11063W Wire Cutter / Wire Stripper, Heavy Duty Automatic Wire Stripper
Tool for 8-20 AWG Solid and 10-22 AWG Stranded Electrical Wire

1

$29.94

uxcell Clear Rigid Acrylic Pipe 76mm(3") ID x 80mm OD x 305mm(12") Round Tube
Tubing

2

$42.45

Slipstick GorillaPads CB147 Non Slip Furniture Pads/Gripper Feet (Set of 16) Self
Adhesive Rubber Floor Protectors, 1 inch Round, Black

1

$6.99

22AWG Silicone Hook Up Wire (OD: 1.7 mm) - 22 Gauge Stranded Tinned Copper Wire
with Silicone Insulation, 6 Colors (Black, Red, Yellow, Green, Blue, White) 23ft/7m Each,
Hook Up Wire Kit from Plusivo

1

$16.95

Synthetic Filter Discs 70mm for a Buchner Funnel and fit"Regular Mouth" Size Used for
Mushroom Cultivation (12)

1

$12.99

GloFish Aquarium Gravel, Fluorescent Colors, Complements GloFish Tanks, 5-Pound Bag

1

$7.09

Mosser Lee ML1110 Desert Sand Soil Cover, 5 Pound

1

$4.98

Coconut Activated Charcoal Powder

1

$12.99

UVC diode

1

$19.99

1/16 rubber sheet roll

1

$25.99

Black-Oxide, 8-32 Thread Size, 1/4" Long

1

$4.76

Plastic-Head Thumb Screws Knurled, 8-32 Thread Size, 1/2" Long

1

$12.12

Plastic Adjustable Torque Position Control E6-10-301-20 Series Hinge Black Door Hinges

1

$10.49
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Magnetic Reed Switch

1

$9.99

SCIGRIP 10315 16 Acrylic Plastic Cement

1

$12.75

Bulk Pipe Cleaners - Soft

1

$11.95

18-8 Stainless Steel Hex Nut 8-32 Thread Size

1

$5.07

Straight, 1/4" Hose ID, 1/8 NPTF Male End

1

$16.43

18-8 Stainless Steel Button Head Hex Drive Screws Black-Oxide, 8-32 Thread Size, 1/2"
Long

1

$5.68

17 in 1 Premium Drinking Water Test Kit

1

$27.95

1 x 1/16 fused quartz

12

$69.00

8-32 heat set inserts

1

$18.52

Straight Adapter, for 1/4" Tube ID x 1/8 NPT Male

1

$5.62

uxcell Pipe Fittings Connector G1/2 X G1/2 Male Thread Adapter Plastic Hex Nipple 5pcs

1

$9.99

uxcell G1/2 Pipe Fitting Cap, PVC Round Female Thread Hose Connector, for Garden and
Outdoor Water Pipes End, White 20Pcs

1

$11.99

8 Sets BPA Free Replacement Cooler Faucet Water Bottle Jug Reusable Spigot Spout
Water Beverage Lever Pour Dispenser Valve Water Crock Water Tap (4 White and 4 Black)

1

$11.99

PureT USA 5 Lbs Bulk Air Filter Refill Coconut Shell Granular Activated Carbon
Charcoal

1

$28.49

Olicity Cheesecloth, Grade 100, 9 Sq Feet

1

$5.99

½ in x 520 in roll Teflon Tape

1

$5.09

Silicone RTV 4500 Food Contact Safe High Strength Silicone Sealant, Clear (2.8 FL.
Ounce)

1

$7.69

Total

$1,350.30

Table M-2: Itemized budget list for Intelligent Filter V2 (shipped version)
Item

QTY

Price

Total Cost

Arduino Uno R3

10

$29.00

$290.00

Analog TDS Sensor

10

$14.00

$140.00

1/4"ID X 3/8"OD Vinyl Hose 25 Ft

1

$14.00

$14.00

Fielect 10Pcs 20cm/7.87" Male to Male Lead Servo Extension Cable,30-Cores Wire
for RC Futaba JR Servo

1

$9.29

$9.29

Arduino protoboard

2

$12.88

$25.76

On/Off Switch x15

1

$7.00

$7.00

Magnetic Reed Switch

5

$10.00

$50.00

10

$17.00

$170.00

AA Battery (16 pack)

5

$27.00

$135.00

9x9 ft Cheesecloth

1

$8.50

$8.50

10

$9.00

$90.00

AA Battery Charger

Digital Flow Rate Sensor
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L298N Motor Driver Controller Board

3

$12.00

$36.00

Bluetooth module

5

$13.00

$65.00

½ in x 520 in roll Teflon Tape

2

$7.00

$14.00

12 Pack Plastic Jars

2

$19.00

$38.00

PLA 3D Printer Filament

6

$24.00

$144.00

8x AA Battery Case

5

$7.00

$35.00

DC 12V Water Pump

10

$17.00

$170.00

G1/2 Pipe Fitting Cap x20

1

$12.00

$12.00

G1/2 Pipe Fittings Connector x5

2

$10.00

$20.00

Lubricant (Vaseline 12 pack)

1

$28.00

$28.00

11.8” x 15.75” x 1/8” Acrylic sheet

5

$19.00

$95.00

10

$22.00

$220.00

¼” ID Barbed Tube Fitting

5

$5.62

$28.10

25pcs Plastic-Head Thumb Screws Knurled, 8-32 Thread Size, 1/2" Long

2

$12.12

$24.24

100pcs 18-8 Stainless Steel Hex Nut 8-32 Thread Size

1

$5.07

$5.07

78mm ID O-Ring

3

$14.24

$42.72

100pcs Tapered Heat-Set Inserts for Plastic 8-32, 0.185" Installed Length, Brass

1

$18.52

$18.52

50pcs Black-Oxide, 8-32 Thread Size, 1/4" Long

3

$4.76

$14.28

Hyudai Tablet

10

$73.00

$730.00

Tablet case

10

$30.00

$300.00

5

$8.98

$44.90

10

$20.00

$200.00

Total

$3,224.38

275 nm UV-C LED

10ft x ½ in Wire sleeves
Universal wall adapter
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Appendix N: Student Project Hazard Assessment Form
This form is to be used for student projects where the primary hazards are associated with
engineering work (physical, mechanical, electrical, etc.). Chemical and biological focused projects
require a separate form.
Complete this form and obtain all the required approvals (Faculty Advisor, Department Chair,
Laboratory Manager, EH&S, etc.) before proceeding with the project. Please refer to the hazard
assessment guide for assistance in filling this form.
Project Title:
LATAM (Latin America) Intelligent Filter for Education (LIFE)
Project Team Members:
Cinthya Jauregui
Daniel McCann-Sayles
Edison Yang
Andrew Lemus
Jonathan Woo
Project Advisor
Name:

Department:

Dr. Jessica Kuczenski

General Engineering

Project Advisor
Name:

Department:

Dr. Kourosh Pahlavan

Mechanical Engineering

Anticipated Dates of Project Duration:
September, 2021 - June, 2022
Summary of Project Objectives
Build an intelligent water filter to send to marginalized schools in Latin America. The device
must also incorporate STEM education and knowledge to help bring exposure to STEM related
fields of studies and careers.
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Hazard Checklist (check all that apply)
Identify all the tasks that must be completed for your project. Carefully evaluate each task to
determine if there are any associated hazards. After identifying the hazards of your project, you
will be asked to assess the risk connected to each hazard and to identify control measures that
will either eliminate the hazard or reduce the risk to an acceptable level. Safe work procedures
for each step involving a known hazard will need to be developed.
HAZARDOUS CONDITIONS/PROCESSES/ACTIVITIES
Electrical Hazards
Mechanical Hazards
Physical Hazards
☐Electrical parts and
☑Power tools and
☐ Extreme temps (high temp
assemblies > 50V or high
equipment
fluids: water > 160 °F, steam,
current
☑ Machine guarding/power hot surfaces > 140 °F,
☑Batteries
transmission – gears, rotors, cryogenic fluids
☐Control Panels
wheels, shafts, belt/chain
☐ Material handling of heavy
drives, rotating parts, pinch
objects
points
☐ Elevated heights
☐Robotics
(scaffolding, ladders, roofs,
☐Sharp Objects
lifts, etc.)
☑ Stored Energy (springs,
☐ Overhead falling objects
gravity, pneumatic,
(cranes, hoists, drones,
hydraulic, pressure)
projectiles, etc.)
☐ Confined Spaces
☐Airborne Dusts
☐Bonding / Grounding
☐Electrostatic Discharge
Reaction Hazards
☐Explosive
☐Exothermic, with potential
for fire, excessive heat, or
runaway reaction
☐Endothermic, with potential
for freezing solvents decreased
solubility or heterogeneous
mixtures
☐Gases Produced
☐Hazardous reaction
intermediates/products
☐Hazardous side reactions

Hazardous Processes
☐Generation of air
contaminants (gases,
aerosols, or particulates)
☐Heating Chemicals
☐Large mass or volume
☑Pressure > Atmospheric
☐Pressure < Atmospheric
☐Scale-up of Reaction
☑Metal Fabrication
(welding, cutting, drilling,
etc.), Soldering,
☑Construction/Assembly,
etc.
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Other Hazards
☐Noise > 80 dBA
☐Vehicle traffic
☐Hazardous waste generation

☐Other (list):

Physical Hazards Of
Chemicals
☐Compressed Gases
☐Cryogens
☐Explosives
☐Flammables
☐Oxidizers
☐Peroxides or Peroxides
Formers
☐Pyrophorics
☐Water Reactives

HAZARDOUS AGENTS
Health Hazards of
Non-Ionizing
Chemicals
Radiation
☐Acute Toxicity
☐Lasers
☐Carcinogens
☐Magnetic Fields
☐Nanomaterials
(e.g. NMR)
☐Reproductive Toxins
☐RF/Microwaves
☐Respiratory or Skin
☑UV Lamps
Sensitization
☐Simple Asphyxiant
☐Skin Corrosion/
Irritation
☐Hazards Not Otherwise
Classified

Biohazards
☐Bsl-2
Biological
Agents
☐rDNA
☐Human
Cells, Blood,
BBP
☐Animal
Work

☑Other (List):
Contaminated
water

Description of Potential Hazards
Provide a summary of the procedure and describe the risks associated with each hazard that you
have identified above or on the previous page. Use one box below per hazard. You may add
supplemental pages if needed. Define the hazard control measures that will be employed to
minimize the risks based on the hierarchy of controls (elimination, substitution, engineering
controls, administrative controls, PPE), and then describe specific control measures you will use
(e.g. Work on system de-energized, receive hazard specific training, shield hot surfaces, guard
pinch points, relieve stored energy, wear protective equipment, use less hazardous chemical, etc.).
Refer to “Hierarchy of Controls” in the instructions sheet for more information to decide which
hazard controls measures are most appropriate
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Hazardous Activity, Process, Condition, or Agent:
Battery
Summary of Procedure or Tasks:
Store energy from solar panel and power system using a 3.7V Li-ion Rechargeable Battery
3000mAh; Lithium batteries are safe and unlikely to malfunction provided there are no defects,
the batteries are not damaged, and are not subject to abnormal or improper usage; Lithium-ion
batteries malfunctioning is rare and they are very safe to use provided they are used properly
Describe Hazards (why is the procedure hazardous or what can go wrong – what is the
risk):
Lithium Ion batteries can overheat, fame, or explode due to physical impacts (dropping, crushing,
and puncturing), temperature too high (e.g. above 130°F), overcharging, over current, and over
discharge
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Incorporate a battery management system to handle power distribution and charging; follow
manufacturer’s instructions for storage, use, charging, and maintenance; protect from physical
impacts

Hazardous Activity, Process, Condition, or Agent :
Power Tools and Equipment
Summary of Procedure or Tasks:
Drill holes in aluminum and acrylic sheets; cut plastic tubing to length with vertical bandsaw;
file/sand rough edges and burs with hand files or electric sander; strip wires; crimp connectors
Describe Hazards (why is the procedure hazardous or what can go wrong – what is the
risk):
Misuse can result in skin lesions, blunt force trauma, and damage of highly expensive materials
and equipment
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Proper training, appropriate PPE, using the lab during proper hours to ensure lab manager
supervision.
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Hazardous Activity, Process, Condition, or Agent :
Machine Guarding/Power Transmission
Summary of Procedure or Tasks:
Pumps flow water through the system; possible centrifugal filter or UV spinner with motor
Describe Hazards (why is the procedure hazardous or what can go wrong – what is the
risk):
Injuries due to contact with rotating parts such as pumps and motors can be severe; rotating parts
can grip hair or clothing
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Keep pumps and motors enclosed; include instructions on the app for proper use and to explain
risk; safety check that ensures the components will not function without the system being
properly assembled

Hazardous Activity, Process, Condition, or Agent :
Stored Energy
Summary of Procedure or Tasks:
Pressurized water (<40 psi) in our system for flow between reservoirs and movement through
and to filters. Both pressurized filters and gravity fed filters will be utilized in the system.
Describe Hazards (why is the procedure hazardous or what can go wrong –
what is the risk):
Pressurized fluids may cause minor explosions and project parts nearby if not contained
properly. Although at <40 psi, the main risk would be leaking from fittings and joints affecting
our electronics or contaminating our system.
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Proper project planning and calculations to ensure that parts are proofed and safe for higher
pressure use. Following safety guidelines for pressurized fluids to ensure all standards are met in
our design. Ensure fitting and joints are tight and sealed. Appropriate PPE.
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Hazardous Activity, Process, Condition, or Agent :
Pressure>Atmospheric
Summary of Procedure or Tasks:
Pressures in the system are expected to be no greater than 40 psi above atmospheric. Pressurized
water in our system for flow between reservoirs and movement through and to filters. Both
pressurized filters and gravity fed filters will be utilized in the system. Small pumps will transfer
water from a reservoir to the top of gravity fed filters and flow water through the pressurized
filters.
Describe Hazards (why is the procedure hazardous or what can go wrong – what is the
risk):
Pressurized containers and parts may damage parts or cause potential minor explosions.
Although at <40 psi the main hazard would be leaks from fittings and joints.
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Proper project planning and calculations to ensure that parts are proofed and safe for higher
pressure use. Following safety guidelines for pressurized fluids to ensure all standards are met in
our design. Ensure fitting and joints are tight and sealed. Appropriate PPE.

Hazardous Activity, Process, Condition, or Agent :
Metal Fabrication
Summary of Procedure or Tasks:
Machine Lab equipment to fabricate parts to our liking; cutting, drilling, and milling aluminum
parts; soldering for boards and wires in the electronics system (Arduino, pumps, solar panel,
battery, sensors)
Describe Hazards (why is the procedure hazardous or what can go wrong – what is the
risk):
The cutting and drilling consists of spinning blades, which can be oriented differently based on
task, which has a risk of skin lesions, burns, or catching on to lose particles of clothing or hair,
both of which can result in severe physical harm.
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Proper training, appropriate PPE, using the lab during proper hours to ensure lab manager
supervision.
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Hazardous Activity, Process, Condition, or Agent :
Construction/Assembly
Summary of Procedure or Tasks:
Gluing acrylic sheets together; attaching pipe and fittings; assembling the electronics system
(Arduino, pumps, solar panel, battery, sensors); bolting aluminum, plastic, or 3D printer parts
together
Describe Hazards (why is the procedure hazardous or what can go wrong – what is the
risk):
Careless or incorrect assembly could cause chemical harm and pinching
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Proper training, appropriate PPE, not working alone, review design before working

Hazardous Activity, Process, Condition, or Agent:
UV Lamps
Summary of Procedure or Tasks:
UV LEDs to disinfect water
Describe Hazards (why is the procedure hazardous or what can go wrong – what is the
risk):
Overexposure to UV radiation exposure will cause damage to skin and eyes
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Contain UV lights inside an enclosed filtration module with a safety check that ensures the lights
will not illuminate without the module being properly assembled.
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Hazardous Activity, Process, Condition, or Agent :
Contaminated Water
Summary of Procedure or Tasks:
The system filters contaminated water and provides clean water
Describe Hazards (why is the procedure hazardous or what can go wrong – what is the
risk):
Consumption of unsanitary water in our system. If the system is not properly filtered, it can lead
to diseases or side effects, which can prove dangerous or fatal depending on the severity of the
issue.
Hazard Control Measures (what you will do to eliminate the hazard or minimize risks):
Clearly label the clean water output of the system. Warnings in app about drinking contaminated
water. Reminders to sanitize the clean side after each use to avoid recontamination. Thorough
testing at SCU to ensure our system works as desired, standardized to WHO and CDC
regulations before shipping to schools in Latin America.

SAFETY EQUIPMENT and PPE
Select the appropriate PPE and safety supplies you will need for the project (Check all that
apply)
☑ Appropriate street clothing (long pants, closed-toed shoes)
☑ Gloves; indicate type: Lab Gloves
☑ Safety glasses/ goggles
☐ Face shield and goggles
☐ Lab coat
☐ Hearing protection
☐ Fire extinguisher
☐ Eyewash/safety shower
☐ Spill kit
☐ Other (list):
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TRAINING REQUIREMENTS
Identify the appropriate training (check all that apply)
☐ Biology & Bioengineering Lab Safety Camino Course – contact Lab Manager or EHS to
enroll
☐ Chemistry & Biochemistry Lab Safety Camino Course – contact Lab Manager or EHS to
enroll
☐ Electrical Safety for Engineering Camino Course – contact EHS to enroll
☐ LiPo Battery Safety Training – contact MAKER Lab to enroll
☐ Review of SDS for chemicals involved in project – access SDS library at: rms.unlv.edu/msds/
☑ Laboratory Specific Training – contact Lab/Shop Owner (Rod Broome - MECH; Brent
Woodcock - CENG)
☐ Project Specific Training – contact Project Advisor
☐ Other (describe below):
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Appendix O: Team GANTT Chart
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Appendix P: Team Management
Each of us has certain responsibilities and roles for which we are accountable. For the
general engineers, Cinthya was project leader responsible for facilitating meetings as well as the
UI /UX design and Daniel was responsible for the coding of the app. The mechanical engineers
worked by sharing the mechanical responsibilities and dividing their work as they went. Edison
was responsible for sending out meeting calendar invites and email communication and the
mechatronics code, while Andrew was responsible for note-taking during meetings and doing the
CAD design. Jonathan was primarily responsible for the budget and filter research.
Some major issues we have as a team include the initial drop from our original COEN
teammate and MECH advisor and the conflicting wants across our stakeholders: the mechanical
engineering department, Frugal Innovation Hub, and Engineering World Health.
When our COEN teammate dropped our team within the first two weeks of fall quarter and
our mechanical engineering advisor, we quickly had to go find both a student that knows how to
code, and a professor with enough availability to advise us. We eventually met Daniel and with
him on our team, we had a person with more coding experience. The MECH advisor was much
harder to find due to some departmental issues and miscommunication, but we were given an
advisor and another teammate, Jonathan who turned out to be another valuable addition to our
team. To resolve the conflicts across our different stakeholders, multiple meetings were held both
for our internal team and with advisors. We were given 24 hours to change our project or disband
our group. We ended up coming up with three different versions of our proposal (from
self-building robots, to nutritional fitness robots to even considering aquaponics and compostable
waste-baskets) to try to appease everyone. In the end, a meeting between the faculty advisors and
Allan, from the Frugal Innovation Hub, ended up providing us with the ultimate pivot of an
Intelligent Filter.
The changes and challenges came about with initial frustration and demotivated our team. We
addressed and shared our frustrations with each other and got to work on defining the problem and
weighing different options. Having overcome so many setbacks together made us a stronger team.
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Appendix Q: LIFE Master Code
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Appendix R: Frugal Version Code
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Appendix S: Senior Design Conference Slides
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